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A veling & Porter, Ltd., 


RocuxsTer, Kent, 
and 72, Cannon Street, Lonpoy. 


STBAM ROLLERS. ROAD LOCOMOTIVES. 
STHAM OULTIVATING MACHINERY. 
STEAM WAGONS, meena 
CEMENT-MAKING MACHINERY. 


A. G. MM 2xAIord, Le 


OULVER STREET WORKS, COLOHESTER. 
On ADMIRALTY.axD War Orrics Lists. 

ENGINES for Torpedo Beats, Yachts, Launches, 

BOILER FEED PUMPS. 
See Advertisement, page 34, last week. 
PATENT WATBR-TUBE BOILERS, 

AUTOMATIC FEED REGULATORS. 

And Auxiliary Machinery as supplied to the 

Admiralty. 2 








J ohn H. W itson& Co.,Ltd. 


Dock Roap, 
Birkenhead. 


Telegrame : 


Ewervenas, L’Poor, 
DraeusE, Vic., Lonpor. 





| pcomotivesshunting( ranes 


Steam and Biectric 


ranes, 


BXOCAVATORS, ORANE-NAVVIBS, GRABS, 
CONCRETE-MIXERS, 
SHIPS WINDLASSES, WINCHES, and 
DECK MACHINERY. 





6770 
London Office : 
15, VICTORIA STRERT, S.-W, 1. 


Hish Speed, Special Service 
axpy SHALLOW DRAUGHT aa be: 
JOHN SAMUEL WHITE & COMPA 

Shipbuilders and — eers. 





* 6532 
Cowes, LW. 


Petter QO ee 


Manufactured by 


PETTERS Liurrep, Magieees, Za Yeovil. 
See our Iliustrated Advt. svery alternate week. 


Craig & Donald, Ltd., Machine 
TOOL MAEERS, Jonnstons, near Glasgew. 

For class of Machine Tools see our Illustrated 
Advertisement sin ener alternate week. 1358 


Le ght Qtructural ork 


GARTSHBRRI® BNGINEBRING & FORGE CO., 
50, WELLINeTON Street, GLascow. 6961 

















OD .witheut 
TOOLS for 8H 


70 Yachts, Launches or Barges 


‘team oh bee Nes or 


6569 
DAVIS & PRIMROSE, Liatren, Lara, BpiInsuren. 


arrow & Co., Ltd., 


y SHIPBUILDERS AND ENGINEERS, 
GLASGOW. 


SPEEDS UP TO 45 MILES AN HOUR. 
PADDLE OR SCREW STHAMERS OF 
Bxcepriowa, SHattow Dravenr. 


Repairs on Pacific Coast 


by YARROWS, LIMITED, Victeria, British 
um bia, 687! 
SHIPBUILDERS, SHIP REPAIRERS AND ENGINEERS. 


(Sampbells & Hae, L 4. 
SPHOIALISTS IN 


Drillers & Boring Machinery 
for Engine Works and Boiler Shops. 
DOLPHIN FOUNDRY, LERDS. 





baste 





Built complete with Steam, Oi) or ou 
Motors ; er Machinery supplied. Od 3551 


VOSPER & CO., Lrp., Broad Street, Portsmouta. 
ty vty AND 
(Cochran CROSS-TUB 


B TYPES. 
Bowlers. 
See page 99, Sept. 27. 6455 
ocomotives, 
LIGHT. 
All Gauges and Types. 


Address: Ex “hae 
rs ORTER CO., 
Place, New York. 
be London, England, 
6560 


Cable Address—Stapety, New York. 
New Catalogue 12 A mailed on application. 


R. Dempster & Sons, Ltd., 


ELLAND, YORKS. 














6812 


Telpherage & Conveying Plants 


See Advertisement page 29, Sept. 27. 
i xc2vators. ; 


FROM 50 TO 600 YARDS PER HOUR. 


D. Wy bitaker, 


1, Union Sraxsrr, 
LELOESTER, 


- (fripoly” 


MACHINE BELTING 


FOR 
Drivize 


(Conveying 








Brett’ ~ Patent 1 Ce. 


Hlevstizg 





Sorm MaNvuracruRners 





Bere, Dorli 
BRAD 


HIGH-OLASS ENGINES 
alec bbs g > Are 


(ire 


Bs FOR ALL PURPOSES 





HYDRAULIC and HAND, 


ww huseeiL sO 
GEORGE RU Ada eo & CO., Lrp., 
near Glasgow. 6451 


Welter ge-Ste e41 Tubes 





“ia RRA on 


& Co., tad. 
AIR COMPRESSING 


nes. Teste Steam, 


L°** & Tylor, Ltd., 





/ CARDIFF. 1036 
Loxpox. MANCHESTER. Giaseow, 
Iron and Steel 
I['ubes and F ittings. 
6920 


The Scottish Tube Co., Ltd., 


Hap Orrice: 34, Robertson Street, Giaegow. 


les Limited 
ENGINEERS, IRLAM, MANCHESTER. 
FEED WATER HEATERS, 


CALORIFIERS, BVAPORATORS, > pow s, 
CONDENSERS, AIR HBA’ 
Merrill’s Patent TWIN BRS for Pump 


— TA os TRAPS, EpeCres age 
ATER 80 and FILTERING, Saas 
SOFTENING and FILTARING, 


, Y #trow Patent 


Weare 


Mussas. YARROW & OO. 
PRESSING and MACHINING of 
Boilers, » 


Boilers. 
pase ee 


as the Steam Drums 
pockets, 0 and Superbeatere for British and Porsign 


Firms not ha 
w: L¥D., Sooterous, GLaseew. 


of Yarrow 





TS san Dae 
= and Fecal L 


OSWALD 87. 
BROAD STREBT Oitaauinne. Bi BIRMINGHAM ; 
and LONDON OFFIOB— 
LD Broap Srarer, B.C. 


=R Ho 
LON DON WARRHOUS Our. Urn Tusuneor. 0. 
LIVERPOOL WARBHOUSE—63, Panapiss Sr. 
MANCH. BR WARBHOUS Deranseare. 
CARDIFF WAREHOUSE—132, Burs St 
Se han aoe Nas 
HEEPSOOTE STREET, and 

See Advertisement page 3 

ast i n g 8 


@ Frinished (% ec tin § 


1s cost by duntneting machining operations. 
rite for illustrations to AERATORS L1p., Edmonton, 
London, N. 18. 


Srreet, 
SrReer. 








FLEXIBLE, NON-ROUSTING 
Metallic ose = ( ‘overing 
i to pe oe ys Ana, con 9 
su « poses . 
Geuk, -Atyitons ni Ramonton, London N. 18. 
R. Heber Radford, Son « Squire, 
BNGINEERING, IRON axp STEBL WORKS 


Valuers. 


CONSULTING BNGINBERS, REFEREES, AND 
ARBITRATORS, 


Established over 50 years. 


15, St. JAMES ROW, SHEFFIELD. 
Telegrams : ‘‘ Radford, Sheffield,” Telephone: 426. 


(8 and Oil Engime Repairs. 
—K. J. DAVIS & CO., Great Hastern Road, 
Stratford, B. 16. 
Tel.: 136 and 137 Stratford. 

Gram.: Rapidising, London. 1704 


Oe (Electrically Welded or 


hand 1 bis Sa wis, Bonckles also Chain Fit- 








kes, te. — 
Biceke tote for use aan Hemp 
Rope; Repetitien A pare wnt Plain or 
machin Relia' ve 
reasonable > prices. ST RI NG mis (bradley ey 


Limited, Cradley Heath, Staffs. 
oparetore 


XHAUST "STRAM 
URBINES COM- 
PRESSED Al 2% ao. 
STEAM DRYERS, 
METALLIC PACKINGS. 


rinceps & Co., 
SHEFFIBLD. 6686 


New Chicago Automatics. 


Three Sizes, Delivery from Stock. 
NEW CAPSTANS, 1} in. through the wire feed. 





E 
4 








JOHN MAONAB, Mary Srneet, Hype. 
Tel. No.: 78 Hyde. 6874 
[lank Locomotives 
Spuittention ond eaeeeey equal to 
R, & W. HAWIHORI LESLIR & 00., i 
Byerveens, NEWoastLe-on-Tryx. 
CHANTIBRS & ATELIBERS 


A rsustin - Normand 


61, rue de Perrey—LB HAVRE 
(France), 








Destroyers, Torpedo Boat, ¥ Yachts and ah Boats. 
ubmarine and Submersible Boa 
NORMAND'S Patent Water-tube Botiees ‘Goal On 
Heating. Diesel Oi! Engines. 


P. & W. MacLellan, Limited, 


OLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARBIAGRS AND wagoms, 
RAILWAY seaswont. BRIDGES, ROOFING, tc. 
Chief Offices: 129, Trongate,Guasaow. Od 8547 





6462 | Toe Giascow Ro.iine Srook anp PLanr * Oa 


YARROW & 
~j ohn Bellamy imited, 


MILLWALL, LONDON, 8. 
General ConsrrucrionaL Bwerteuns. 1216 


Boilers,Tanks & Mooring Buoys 
Ouiuskvs, “Riverran bream sna Vouvaccrne 
Pipes, Hoppers, Sprout Wonk, Kupatns oF 
i wate 
AY AN 
H™ Lt 


‘Nelson & (Co. 


MoTHERWELL, 


Heaa Wrightson & Co. 


LIMITED. 


See Advertisement page 72, Sept. 27. 


Matthew pal & Co. [a 


LevenFornp Works, barton. 6832 
See Full Page Advt. page 70, Sept. 20, 


f['aylor & (Yhallen 
Presses. 


TAYLOR&CHALLEN, Lo., Engi 
Ses Pull | Page Advertisement Sept. 20, 


Gteel Vesti 


(i sstings. 








8106 


B AM 








THOMAS SUMMERSON 2 SONS, Lep.,, 
DARLINGTON. 
GOLD MEDAL-Inverrions Bxuinirion-A 


Drea s Patent nt Suspended 


ae. any gee 
bab! WOKS COMPANY, Ltn. | tatty 


denalie Oranen, Grats 
Illus, Advt. last week, page 16, rele ani 


6074 





Loxbon, B 





R u b b er MANU FAOCTURSRS 
Hose “i230 


GUTTA PBROHA & RUBBER, LIMITED, 


Toronto Canada. 6702 


€0'S pyare tetas Ash Ejector. 





Great sa of labour. Ne noise. No dust. 
dirt, Ashes aleckarged 01. clear of 
Fit aod pergen, ok ine gs il 
London, B.C. oe 
10. GRANULATTED. 
Normally onelen for— 
ALU 
panne 
A jeminiuen: epecnsek, 
THERMLI? WELDING, 
6662 PYROTECHNICS, &¢, 


THE BRITISH ALUMINIUM ©O,, Lrp., 
109, Queen Victoria St., London, B.C. 4. 


B, 4: Moe 
team ammers 


’ 
Citampé: 





Dp 








See Advertisement page 53. 





Registered Offices: 1084, Cannon St., London, B.0. 
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aieeeeeenemeeminans 
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DELIVERY. 
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[Ocr. 4.1918. 





[the Manchester Steam Users’ 


For the Prevention of Steam Baplosions and 
jms Seine 6 oe in the Application | ext 
team. 9, Mouwr Srreer, 

Chief : O, BH. STROMEYER, * 1.0.8. 
Fou 1864 by Sir WiLL14M Farrnates. 

Cortifioates of Safetyissued ansies Sa megeey ont 
Workshops Act, 1901 pensation for Damages 
and ties paid in case of "Explosions. ~~ 
and Beilers inspected during constructien. 


()*y. -Acetylene Welding. 


LECTURES the PRACTICAL INSTR 0. 
TION, in conjunction with the Ministr of 
Manitions, will be eee at the NORTHERN 
POLYTBCHNIC, Hollows N.7. New Course 
begins MONDAY, Mth OC ‘OBER, 1918. M 929 


rpihe Institution of Gas 


ENGINEERS. 
SAMUBL GLOVER, Hsg., M.Inst.C.E., President. 


A SPEUIAL GENERAL MBBTING of the 
Institation will be held at the Institution of Civil 
Bngineers, on Thursday and sg oage & 17th and 18th 
October, at 10.30 a.m. each day, for the consideration 
of the following :— 

(1) Preliminary Report of the Gas Invest 
tion Committee. James W. Wood, M.5Sc., 
Research Chemist. 

(2) Life of Gas Meters Research Committee's 
Report : ‘‘ Unaccounted for Gas,” ssi R. 
Parkinson, M.1.Mech.B. 

“The Corrosion of Dry Meters,’ by 
= ey, Oe Chief Analyst to the Gua ight 


(3) Rep rt of the  etinctoes Materials Research 
Bommt ittee: ‘*The Corrosive Action of 
Flue Dust on Fire Bricks,” by Walter 
Emery and Dr. A. Scott, of Stoke-on- 
Trent. Dr. J. W. Mellor, Reporter. 
roposal for Membershi Student 








304, <a st ear 





ired for Small |= 


he Seng stich | is byee 


‘ont 7 eee 
nd 


ry in 


enlarged and 
‘. advise and superiatend in 
— a including 


electric a 
hearth furnaces. Applications from suitable 
consid 


statin, 
ui erences, &c., 769, 
eaTHwaiT & Srmons, 6, Birchin Lane, "E.O. Pt 


men would 


118 


A n Experienced Metallurgical 
UIRED for the Laboratory 
large steel works. i Give -_ particulars as to 
oobi and ny, weep sae. oe required.— 
Address, M 782, 


Works Manager for Impor- 


tant En yee Firm in the South of 
pegnee, e engag in oe grade Internal Combus- 
be highly experienced in praductéon 
mp Shine handling labo ur. Permanent position 
to right man, with attractive remuneration. Only 
those who have already filled a similar position 
eee aos ee -—Address, ening fullest 
particulars 
confidence, M ‘on Offices of Buon ee 


(ollie Manag er Required 
for India, must — nee ag oo 
and know! 

hang te 


e of coal cutting mac 
£1000 to £1 nage 
be free from military oblivation.— 


/— free Ty 
exceed 38. Mus 
Address, COLLIERY MANAGER, care of STREET’s, 
30, Cornhill, London, B.C. 3. M 896 














and 
ship from t desiring te join the Institution 
should be received here by the 16th October. 
WALTER T. DUNN, Secretary. 
39, Victoria Street, 
Westminster, 5.W. M 971 


ie C.E., I. Mech. E., B.Sc., 


and all oe eens yg —Mr. G. P. 
KNOW Assoc. M. O.H., F.8.1., 

M. ieee 1., PREPARES CANDIDATES personally 
or by correspondence. Hundreds successes. 
Courses may commence at any time.—39, Victoria 
St., Westminster, 8.W. 48 


A M.LC.E. and A.M.I.M.E. 


e Tuition, Also Postal Courses in Mechanical 
Pi 








neering, Alroraft Design and Mathematics.— 
NING! ‘ONS, 254, Oxford Road, Manchester. 





APPOINTMENTS OPEN. 
COVENTRY RDUCATION COMMITTER. 
MUNICIPAL TROHNICAL INSTITUTR. 

The Committ. tee invite 


A Pplications for the Post of 


BAD of the ENGINBERING DEPART- 

MENT at the Municipal Technical Institute. The 

candidate appointed will be required to take up his 

duties as early as possible, The commencing salary 
will be 2400 per annum. 

Further particulars and form of application, which 
must be returned not later than Monday, 28th 
October, 1918, wilh be forwarded on receipt of a 
stem ped addvessed foolscap envelope 

FR REDE. HORNER, 
Secretary. 





Kducation Department 
Council! House, Coventry, 
ist October, 1916. M 970 


ROYAL AIRCRAFT ESTABLISHMEMT. 


A® Assistant Master 
REQUIRED Spey we A fos the 
aboye Works Trade Lads School. The 
Syllabus at present includes Hnglish, Mathematics, 
meraeeeng, Science subjects, and Drawing. 
reference will be given to ew panned ne 
Practical Raogineering and Teaching copeeente 
Applications and requests for further formation 
should be addressed to ;— 
THE SUPHRINTENDENT, M 985 
Royal Aircraft Establishment, 
South Farnborough, Hants. 


LEYTON HIGHBR BDUCATION COMMITTER. 
ENGINEBRING AND TRADE SOHOOL. 


Reauired to Commence 
duties on November lst, or as soon after as 
possible, an ASSISTANT MASTER to take charge 
oe the Metal Worksho 2: astruction and some 
Mechanical Drawt: orks experience desirable. 
Minimum sala £180 to £200 to ex- 
perience and qualifications. 

For Forms of Application, which should bé 
returned as soon as possible, send stamped addressed 


envel 
ope 'o—) DEMPSRY, M 94 
Olerk to the Gevernors, 
Town Hall, Leyton, B, 10, 


ee Assistant Wanted | on 
he co, Sh 
“wn Hey some 











as poe pc me BMPLOY- 
mentioning this pores ne 


W anted ,Competent Assistant | Tr, 
as Stock ey eb 

cor uae, nes 

~~ A ‘employed on 


BX 
‘ournal and M 4%. M 


grt Moats 





-| phones and kindred electrical a 





ecretary Wanted, by a Firm|% 


of Hagineers and Founders =, Sa Co.) in 
the Midlands. Must be able to supervise finance, 
cost and secre 1 departments. Chartered ac- 
countant preferred. State ex perience, age and salary 
required.—Address, M 966, ces Of HNGINEERING. 


GOVERNMENT OF THE UNION OF SOUTH 
AFRICA. 





DEPARTMENT OF RAILWAYS & HARBOURS. 
ESTABLISHMENT OF GRAIN BLEVATORS. 


The ae “ . Union at nang Africa 

to it the evator tem in con- 

Easlien with the handlk ing of Maize at two or three 
Union ports and at Inland centres generally. 


pplications are Invited 


re- | ENGINEERING. 


Rens | Chemist Wanted, 
——- in enera meta MS Sitamecsede AST | Beene 


ee talen oe Government is 
nearest inteLowains | Ba 


GE, quoting g No. A 6131. 


Eagineer Wanted, with Ex- 
rer aoe of j ie Plant, to er 
a general arrangements 
wae es pent Drawing a tineg has 
_ regu 
Sieeatien’ ead enpudecen: to Mt 680 Offices of 





No one e 
work or resident more than 1 
employed. 


Epgineer Wanted, with Good |; 


theoretical training ; one with experience in 
Chemical Plant pref . or knowledge of 
Chemistry. Must bea gentleman of good education 
and appearance. State age, salary required, train- 
ing aud experience. No one on Govern- 
ment work or resident more than 10 miles away 
will be employed,—Address, M 881, Offices of En@in- 
EERING. 


Eagineer Wanted, to take/ #4 
rge of cot 
ages Works ia 
be considered a tan men discharged H 
after active service.— Address, 
ualifications, experience, etc., M 923, 
|GINEERING. 


Sr iadeerens 
ies away 5g te 











Sees 


_J unior Inspectin 
by large firm of 


(age 21 to 25), WANTE 
ep a engineers in the Midlands, to inspect smal} 
‘on and steel forgings, malleable and 
castiags, munitions of war, Must have previous 
shop pee Bays we ae Ineligible for army preferred. No 
=A iy  ainlog full aan berg tag 
_ + giv ull particu’ experience, age, 
ge ies rede to your — PLOYMENT 
EXCHANGE, quoting No. A 6122 M 969 


[)taughtsmen, Mechanical.— 
Several First-class DRAUGHTSMEN RE- 
_ for a large aircraft establishment in the 
est of England. Applicants preferred with 
tical ex ence (not necessarily on aire 
a should be made to your nearest 
PLOYMENT EXCHANGE, stating salary required 
mentioning No. A 607: No person on Government 
work need apply. M 888 


estminster Firm Requires 
Experienced Steel Works DRAUGHTS- 
MAN, with knowledge of Gas-Fi Furnaces. No 
person resident more than 10 miles away or en. 
on Government work need apply. ust be 
toot military obligation.—Address, M 889, Offices of 
ENGINEERING. 











3 A® from Consulting Engineers, p 


special qualifications and experience. 
The Oonsa! ting Bagineer would be required to visit 
South Africa and to advise the Government on this 
subject generally, including questions . — design, 
capacity, construction, and method 


Tool and Plant Draughtsmen 
REQUIRED for urgent Aero and Motor work 
in progressive ‘Midiand werks. Permanencies for 

live, quick men with initiative and 





and location ef the elevators, and the. oueuntied 
of plans pt fe arene ey : - 

comprehensive report on the subject generally 
is available in the Union. 

Applications, with testimonials, giving full details 
of qualifications, experience and terms ot remunera- 
= sought (on the basis of a a se ae 

expenses), should be addressed ible 
to the HIGH COMMISSIONER POR" WE NION 
ry nee: AFRIOA, 32, Victoria Street, —— 

921 


Won Manager, with Special 


knowledge of mass production of tele- 
atus, includin ¢ 
ignition. ust be first-class 
all-round or, experienced mechanic, good 
man of metho's and used to the sole control of 
works (2000 employees). Only those having 

held similar positions need apply.— Write only, in 
_ pane wo stating fully, experience, age and 
onary eq fred. Liberal terms to man of first-class 
oo,  STHRLING TELEPHONE & ELECTRIC 
TD., 210, Tottenham Court Rd.,W.1. M 976 

W anted, for Large Sheffield 
Steel Works, saan ASSISTANT, in 
Department manufacturing light tools of a repeti- 
tion character. It is essential that candidates 
should have had an Engineering training. The 
a — bea ive one to @ man pos- 


pone Renee J and initiative. No person 
already on Government work will be 


em 
~App ~My giving full fculars of. ex- 
ace, to your nearest EMPL 
HAN mentioning No. A 5991. 


OYMENT EX- 

M 903 

W anted, a Competent Man, 

with knowledge of rate naan and with 

the hes pohah eon oe ny dang al an are in 

Net London. No won on Goturament ome po 
fal lare of en experience cs 

—— i Sy anda Hi. A 
Fetter tter Lane, E M 97 


tol, Competent Man to}. 


take charge of small tool room of a Crane 
Works (controlled). already employed 
Government a i ote: 
stating full particulars in confidence to No. ‘ ‘se 
at your nearest EMPLOYMENT BXOHANG 


person | [echnical Engineer Wanted, 


with first-class mathematical training S Be. 
experience np bye dn Ee ge of esti 

some iw. estimating. 

fs age dw should state full partionters of qualifica- 


tions, ex; age, uired and when at 
liberty. Se yyy oe — 
werk or 


more than 
oor [ 983, Offices of 





magnetos for = 








resi 
Write. sestion 


AND 








ability. No —— a, on Government work 
will be Soe Apply So your nearest EMPLOY- 
MENT & ANGH, mentioning No. 5316. M 610 


Mechanical Draughtsman 

WANTED. Able to Pre drawings 
for General Works Planning, alterations ete., 
both machinery and buildings. No one already on 
Government work or resident more than 10 miles 
away will be ‘ Reply stating age, experi- 
ence, salary requ’ to BOX 666, Smirus’ Agency 
Ltd., 100, Fleet Street, London, B.C, 4. 





tsmen Required :» 
——- Bap experienc: 


employed ou 


person " 
ae a4 will be he engaged —Reply, stating 


to you st 
PLOYMENT EXCHANGE, met mentioning No. : 


De Draughtsman Wanted, 


for Excavator Dept. Excellent openi» 
ble drau 





tsman used to cranes or yo. = 


your enh pe ME A N GE, 


mentiening this Journal and M 959. 


p= ghtsmen. with Know 


or sas of Jigs and Press Tools, for Aeropian: 
W. London. Noone engaged on Gover 
ae maj be or living more than 10 miles away necd 
row to BOX 918, Senis, Lrp , 168, Fleet Street. 


M 942 


Diieaaee with Good Ex- 


ence in Air Compréssors, WANTED by 

trothea Firm in Manchester district. No one 
sieenhy employed on Government work will be en 
gaged.—Full particulars, with sala a uired, to 

me nearest EMPLOYMENT oan E, men- 
Senter this Journal and M 977 


| Wanted, Ca able Mechanical 
DRAUGHTSMAN, must be good Engi- 


neer — ———- adi xPerience and Technica! 




















trainin: ment on general 

we distri, = person already on 

ed.—Apply your 

age EMPLOYMENT BXCH GE, mentioning 

A 5928. 578 

WwW anted, Experienced 

DRAUGHTSMAN eae Kngineering 

Works, Manchester district eneral main- 

tenance work, lay out of plant, nt baildinee &c., also 

— repair of machines. No one already on 

vernment work a be ed. State age, ex 

ence and salar uired. ST octe. your nearest 

MPLOYMENT rc ANGE, quoting No. A —. 

{ 967 

-| P7228 ghtsmen (3), Ji en aa 

Tool, WANTED. Clyde area. ° ye 
already en Government work will be enga 


Apply your sore BMPLOYMENT EXCHA 
mentioning No. A 6028, 


anted, Ship Daughton 


Bxperienced. Kequired for reinforced con 
crete shipbuilding. No —— at __- engaged 
on Government work need ap pply, with full 

iculars, to your nearest PabiPi ovm ENT BXx- 
HANGE, mentioning this Journal and M 873. 


Wanted, Sheerness District, 


good Civil Engineering DRAUGHTSMAN, 
experienced in Surveying and general Building 
Construction. Ineligible for military service 
Apply, by letter, stating age, salary required, full 
particulars of —. and enclosing copy of 
recent testimonia * BOX 548, WILLINGs, 125, 
Strand, London, W.C M 847 


Wanted, c fan Draughts- 


MAN, some experience of Oil Mills 
preferred. —Address, M 85), Uffices of KNGINEERING. 


oreman Required for Iorge 
and Smithy by Firm of Forgemasters in 
Linco'n district. Only applicants having pre 
viously held similar position, and not at present 
engaged on Government work, will be engaged 

















[taughteman. — — Wanted, an 


DRAUGHTSMAN ‘for a 
Machine Tool Works specialising in Lathes. Knew- 
ledge of ig di Aiea 6 eemenes tion. Permanent 

man. No one already em- 
Bere or on Goveramens werk wil be engaged.— 

pply,. giving full 

te your nearest 
bang E CHANGE, mentioning this Jouemal and 
Dranghfense Wanted, by 


TO gg amet Lapeer matey in West Riding of of 
ence in 


ae. a good JUNIOR DRAUGHTSMAN. 
No person already on rmnment work will be 


in first instance to nearest EMPLOYMENT 
~~ quoting No. 5858, and vie 271 '- 


[tcghieman Wanted for 


Machine Tool vom wh the pe district ; 
must have had similar e ence. Noone alrendy 


a RS a 











tioning this Journal and M 848. . 
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THE TECHNICS OF MAGNETO-MAGNETS. 
By Exuis H. Crapper, B.Eng., M.LE.E. 


THE primary function of a magneto-magnet is to 
provide and maintain, as constant as possible, a 
storage of energy in the form of a magnetic field in 
the space between the pole-pieces of a magneto, 
thereby enabling an efficient electrical ignition 
system to be developed by the application of the 
principles of electro-magnetic induction by means of 
a small generator. The magnet system of a magneto 
is, therefore, a vital element in the process designed 
to ignite an explosive charge in the cylinder of an 
internal-combustion engine by means of the energy 
of discharge of an electric spark, the magnitude of 
which is—according to the theory of the H.T. 
magneto—proportional to the square of the maxi- 
mum value of the magnetic flux traversing the 
armature core on open circuit. 

Now, whilst it is a simple matter to obtain a 
magnetic flux in the air-gap of the horseshoe 
permanent magnet, it is generally agreed that the 
laws and characteristics of the magneto-magnet 
are not so well defined as those of the electro-magnet 
associated with the design of an ordinary dynamo, 
in which magnetically-soft iron, and not magnetic- 
ally-hard steel, is the material utilised. It is satis- 
factory to note, however, that for some time 
considerable thought has been directed to the 
determination of the relationships existing between 
the various magnetic quantities involved in the 
working of magnetos, and to the selection and 
adoption of reliable values which may be obtained 
in practice and thus meet the requirements of 
present-day conditions, and at the same time may be 
reasonably demanded of the magnet maker. 

It is also generally recognised that the magnetic 
behaviour of magnetisable materials when subjected 
to magnetising forces is a complex quantity, depend- 
ing on the chemical constitution, physical condition 
and form, the previous history and the thermal 
treatment of the steel during its production. It is 
probable that few physical phenomena are so com- 
plicated and of so variable a nature as those asso- 
ciated with the magnetisation of magnet steel. 
The complexity is, moreover, accentuated in the 
case of permanent magnets of the magneto type in 
consequence of their special shape, which gives full 
scope to the introduction of irregular strains, whilst 
the material is being cogged, rolled, bent, hardened, 
ground and the holes drilled, operations which give 
rise to lack of uniformity in quality and hardness 
of the finished magnet. 

As is well-known, the solution of many problems 
in applied magnetism may be readily obtained by 
assuming similar relationships to those existing in 
the electric circuit, but it must be pointed out that 
whilst considerable similarity exists between closed 
magnetic and electric circuits, there are certain well 
defined points of dissimilarity between them ; thus, 
the electrical resistivity of a conductor is a constant 
physical property of the material which is not 
influenced by the current traversing it, provided the 
temperature remains constant. Magnetic reluctivity, 
on the other hand, is a variable quantity being a 
function of the magnetic flux traversing it, con- 
sequently, the magnetic relationships existing 
between the magneto-motive-force (M.M.F.), mag- 
netic flux-density, permeability and the energy 
absorbed by a magnet during the process of magnet- 
isation are simply empirical, and do not conform to 
simple laws, as is customary in the case of the electric 
circuit. It is, therefore, necessary to refer the varia- 
tions in the flux-density B, for different values of 
the magnetising force H, to a curve, diagram, or 
— of the values concerned. The well-known 
hysteresis loop denoting the changes taki lace 
in the values of the flux-density B for pga dw 
cycle of changes in the magnetising force from 
> Hnax to — Hysex, and from — Hymex to + Hmax 
is in the form of a cyclic diagram (Fig. 1). When 
the magnetic tests are made on closed rings of 
suitable dimensions the cyclic diagram is precise in 
every respect, and its interpretation gives exact 
information, whilst, if it refers to a more or less open- 
cireuit test, its indications are somewhat misleading, 
and should only be accepted, so far as the quality of 
the material is concerned, when the conditions are 
clearly specified. 


Then, again, both electric and magnetic fluxes 
are intimately associated with energy ; on the one 
hand, electrical resistance is the cause of dissipation 
of energy in the form of heat, consequently, the 
continuous use of electricity requires a continuous 
expenditure of energy. In the magnetic circuit, how- 
ever, energy is not required to maintain the existence 
of a magnetic flux after it has once been established, 

2 


i 


per cub. cm. is stored up in a magnetic field, so long 
as the flux exists, and during the process of the initial 
magnetisation of the material, i.e., whilst it is being 
taken through a complete cycle of changes in the 
magnetising forces—a definite amount of energy is 
absorbed by magnetisable materials, and it is this 
which enables magnetically-hard steel to retain a 
definite amount of remanent magnetism, and to 
form permanent magnets after a suitable magnetising 
force has been applied, and then abruptly removed. 
This remanent magnetic flux indicates a transference 


although an amount of energy equal to 
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of magnetic influence which, in its turn, implies 
the existence of a difference of magnetic potential 
from point to point of its path, and also impresses 
one with the fact that a permanent magnet is the 
seat of a certain M.M.F. (magneto-motive-force), 
rather than of a number of lines of force. This 
inherent M:M.F. of a permanent magnet is the 
cause of the transfer of magnetic fluxes, both through 
the metal and through the air-gaps in the case of 


open-circuit conditions, and the magnitude of the 
remanent intensity of the flux varies inversely as 
the reluctance of the complete circuit. In other 
words, a permanent magnet is analogous to an 


electric battery of constant E.M.F., whose current 


output is dependent upon the external resistance of the 
circuit. 

Another point of importance is the fact that an 
open magnetic circuit is analogous to an uninsulated 
electric circuit, inasmuch as all known media are 
capable of transmitting magnetic influences. Per- 
manent magnets are, therefore, surrounded by 
magnetic conducting media, with the result that it 
is almost impossible to constrain a given magnetic 
flux without diminution along a definite path in the 
case of a partially-open magnetic circuit, con- 
sequently, leakage exists to a considerable extent. 
The one exception to this rule is the completely- 
closed magnetised annular steel ring of suitable 
dimensions, in which case the M.M.F. distributes 
itself, uniformly throughout. With respect to 
magneto-magnets, the M.M.F. distributes itself 
proportionately to the reluctances of the separate 
parts of the composite magnetic circuit, and the 





magnetic potential gradient varies from section to 


section—even in the limbs of the magnet—in 
consequence of leakage from secondary poles due 
to lack of homogeneity of the material and the 
existence of holes, cracks and hard spots. 

It is thus clear that the magnetic circuit of a 
magneto-magnet is composed of three portions, i.e., 
the internal field, in the steel portion, the armature 
field and the leakage field. Obviously, this leakage 
portion implies waste of energy; its magnitude 
depends upon the dimensions and form of the 
magnet, and, therefore, upon the design of the 
magnet. In order to keep the leakage field within 
reasonable limits pole-pieces of good soft iron are 
introduced, and the air-gaps are made as short as 
possible, thereby reducing the reluctance of the 
circuit. Unfortunately, the reluctance of the air- 
paths of a horseshoe magnet is not so simple or 
definite as the corresponding element in the electric 
circuit, and, in many cases, cannot be exactly esti- 
mated. 

In spite of the many difficulties encountered in the 
manufacture of magneto-magnets, it is satisfactory 
to know that the quality of these magnets now 
produced in this country is of a high standard, and 
quite superior to the Continental magnets which 
found a ready market here previous to the war. 
In the following notes an attempt is made to present 
an outline of the elementary principles of the 
technics of magneto-magnets. 


Tue Macnetic ELEMENTS oF MaGneTo-MaGnetTs, 
AND THEIR REPRESENTATION. 


The magnetic elements of a permanent. magnet 
which require consideration are the magnetisability 
of the material, remanence, coercive-force, hysteresis 
and magnetic rigidity. The relationship existing 
between the flux-density, magnetising force and the 
permeability is p = H’ but, inasmuch as the per- 
meability is a variable function of the flux-density, 
it was found impossible to express quantitatively the 
variations in the values of » by means of a rational 
formula, until Lamont, in 1880, introduced the idea 
of magnetisability. Lamont suggested the theory 
that “the increase of flux-density with increasing 
magnetising force is proportional to the difference 
between the saturation value (i.¢c., the maximum 
possible value) of the flux-density, B,, and the 
actual value of the flux-density B corresponding 
to a given value of H, or algebraically 

The quantity (B, — B)—i.e., the magnitude of 
the flux-density which the material is still capable 
of taking up by increasing the magnetising force 
until complete saturation is obtained—obviously 
represents the magnetisability of the material for the 
condition under consideration. Thus, Lamont’s law 
states that ‘‘ the permeability of a material for a given 
value of H is proportional to the magnetisability of the 
material,” and k, in the formula, is the permeability 
for unit deficit of the flux-density from the satura- 
tion value. 

Since 


we have 


from which we get 


kB, OB, 
When B is zero, 
ort 
k B, 
and by denoting the reciprocal of the saturation 
value of the flux-density by b, we get 


Ho = kB, = + (say), = @ 


a H 
and 

: =a+0H . 3) 
which is the algebraic statement of Frolich’s law, 
introduced in 1882, It gives the relationship existing 
between the reluctivity (i,¢., the reciprocal of the 
permeability of the material) and the magnetising 
force as a perfect linear equation, and experience has 
proved that it agrees exactly with experimental 
results for ordinary values of H, as indicated by the 
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straight line in Fig. 2; but it fails at high values of 
the flux-density, inasmuch as it indicates that at 
high magnetisations the intensity reaches a limit, 
which is not the case. 

Kennelly, however, has shown that by dividing 
the total inductivity B into two components, the 
flux-density contributed by the molecules of the 
metal and termed the ferro-magnetic density or ferric 
inductivity, B;, may be considered as separate and 
distinct from that contributed by the ether in the 
space ocoupied by the material which may be 
denoted by B,. We, therefore, have, as the 


H : 
measure of the ferric reluctivity, r; = ~~, whilst 


for the ether portion B, increases directly and inde- 
finitely as H increases, or B, = H in all cases, since 
the permeability of the ether may be taken as unity, 
and Kennelly’s equation is 
|__| =a+0H 
b—pe p—l 
Kennelly’s formula is exact within the limits of 
experiments] error, for pure metals and all ranges 
of H, and it possesses the merit of representing 
the variations of the intrinsic reluctivity of the 
material directly as the magnetising force varies. 
It is a distinct advantage to be able to express 
numerically the magnetic properties of iron and 
steel by means of a linear equation, and in Table I. 
the magnitudes of the constants a and b are given 
for widely-different samples of magnet steels. The 
Tasue I.—Linear Equations for Different Brands of Steel. 
(a) Steel forging for dynamo-magnets 
ri = 0-00071 + 0-0000466 H. 
(b) Carbon steel (C = 0-84 per cent.) hardened 
rs = 0+00454 + 0-0000572 H. 
(¢) Carbon steel (C = 1-21 per cent.) hardened 
% = 00048 + 0-0000558 H. 
(d) Tungsten steel (C = 0-59 per cent.; W. = 5-5) 
not hardened 


= 





- (4) 


r% = 0-00186 + 0-0000476 H. 
(e) Tungsten steel (C = 0-59 per cent.; W = 5-5) 
hardened 


ri = 0-003109 +.0-0000612 H. 
(/) Tungsten steel (C = 0-76 per cent.; W = 2-7) 
hardened 


r% = 0-00423 + 0-00005408 H. 
(g) Vanadium steel not hardened 
nm = 0-00132 + 0-00005314 H. 


straight line in Fig. 2 refers to a sample of mild-steel 
forging used for dynamo magnets, tested by Sir J. A. 
Ewing, F.R.S., and is typical of the graphical repre- 
sentation of Kennelly’s Law. The constant b fixes 
the inclination of the straight line, and is a measure 
of the tangent of the angle made by the straight line 
with the H axis, whilst the constant a gives the 
intercept of the line on the vertical or y axis, and is 
the representative value of the initial rate of change 
in the ordinary magnetisation curve. It thus refers 
to the physical condition of the material which 
dominates the reluctivity at the lower magnetising 
forces. The consideration of the values given in 
Table I reveals the fact that the constant a is 
characteristic of the magnetic hardness of the 
material, for which reason Steinmetz terms it the 
co-efficient of magnetic hardness. The reciprocal of 
a will, therefore, give an approximate indication of 
the possible magnitude of the flux-density for a cer- 
tain applied magnetising force. For hard samples 
@ is large, and is small for high permeability 
materials, 

Furthermore, theory indicates that the value of a 
depends upon the elasticity of the material, and it is 
now recognised that there is a very close connection 
existing between the magnetic and mechanical 
properties of a ferro-magnetic material. Thus, the 
effects produced by annealing and hardening, and 
by the introduction of strains are clearly indicated 
by changes in the magnituce of the constant a, 
whilst that of 6 undergoes little! or no change. 

Many attempts have also been made to determine 
the relationship existing between the values of the 
remanent flux-density, Brem (i.¢., that measure given 
by the point in the cyclic diagram at which the 
descending curve cuts the B — axis) and the 
maximum flux-density Bmax, in the form of a 
linear equation, Brem = a, + 6, Bmax, but with 
little success. Remanence is, ,» an 

permanent magnets 
‘indicates the normal condition of a finished 
magnet, so far as the retentive power of the magnet 





TABLE Il.—Constrants oF THE MAGNET STEELS GIVEN IN TaBLeE I. 


























| 1 | 2. | 3. | 4. 5. | 6. 7. | 8. | 9. | 10. 
Square of 
Ergs of | Rigidit z ” uscepti- | 1 
-| Composition.| Bu Bre He Demag- Y | Hysteresis | Hysteresis P —— 
re 7 Pe netisation.| Numbers. |" "Toss, | Const. |,pllityfor | “kK: 
. 
per cent. 
(b) ..| C = 0-84 | 15,025 8,423 58 22,056 2-14 217,000 | 0-04504 146-0 | 0-00635 
(ec) .| C = 1-21] 15,621 8,109 53 25,956 2-326 | 182,000 | 0-03557 146-0 | 0-00685 
(d@) ..| C = 0-59! 19,540 11,314 26 16,217 1-0 115,000 | 0-01568 — it. 
W = 5-5 
(e) .| C = 0-59] 16,103 10,686 73 42,815 2-773 | 280,000 | 0-05201 434-0 | 0-002304 
W = 5-5 
6) .| © = 0-76 | 16,098 10,057 69 41,516 3-412 | 260,000 | 0-04831 487-7 | 0-00205 
W = 2-7 




















is concerned. An intimate relationship between Brem 
and Bmax, however, does exist for a given size, 
and it is obvious that the character of the curve at 
the point under consideration, is indicative of the 
working properties of a permanent magnet, inas- 
much as the slope of the curve at this part deter- 
mines the nature of the change in the magnetisation 
due to the application of a small reverse magnetising 
force. Investigations, moreover, reveal the fact that 
the ratio between Brem and Bmax is a most impor- 
tant quantity, being characteristic of the material 


Fig.3. 
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and its condition, and its magnitude is, therefore, 
of the nature of a constant. It is, therefore proposed 
to designate this constant, the coefficient of reten- 
tivity. It is suggested that the indications of a well- 
known magnetic tester of Contincntal origin are 
based upon the values of this constant for different 
sizes of magnets, and, to a certain extent, the 
instrument discriminates between good and poor 
magnets in a fairly satisfactory manner. As a 
matter of interest it may be noted that the values 
of the co-efficient of retentivity for magnets of a 
certain size is of the order 0-65. 

Reference has already been made to the fact that 
energy is absorbed by steel during the process of 
magnetisation in consequence of molecular friction, 
with which is associated magnetic hysteresis, i.e., 
the lagging behind of the magnetisation relatively to 
the magnetising force. Hysteresis is one of the 
factors which dominates the form and size of the 
complete loop of the cyclic diagram, and thus is an 
element which fixes the position of the remanence 
point on the B — axis, as well as the intercept made 
by the curve on the H — axis to the left of the 
B — axis. This intercept is the measure, in units of 
H, of the reverse or negative magnetising force 
which is required to completely remove the remanent 

ism possessed by the sample, for which 
reason it is termed the coercive-force or coercivity 
of the material. 


The dissipation of the ene involved in the 
cyclic process of magnetisation demands an expen- 
diture of energy which is derived.from the magne- 
tising system, and it may readily be proved that this 
energy loss, in ergs per cub. om. of the material 


1 
per cycle, is given by ax times the area of the 


closed hysteresis loop, ie., by . x /H-8B. 
cs 
Steinmetz has shown that E, the energy loss in ergs 





per cub. cm. per cycle, is given by the relation, 
E=»B”_, in which 7 is the Steinmetz coefficient 


of hysteresis. This constant is characteristic of the 
nature and condition of the material, and several 
values of n are given in column 8, Table IL., for 
magnet steels. 

The remaining element, magnetic rigidity, has in 
the past, received very little attention at the hands 
of the engineer, the prevalent idea being that it is 
a quantity closely associated with—if not a phase 
of—coercivity. The respective values of these 
factors, given in Table II, columns 6 and 4, 
certainly do not indicate any proportional relation- 
ship between them, although in some cases there 
may be some connection between them. From 
what has already been said, the value of a material 
for use as permanent magnets may be inferred 
from the value of Brem considered in conjunction 
with the character of the slope of the curve at 
the remanence point, and it is obvious that when 
the curve approximates to the horizontal at the 
point of remanence, the more stable and rigid will 
the material be magnetically, and therefore less 
liable to the effects of vibration and shock. To 
obtain the measure of the magnetic rigidity of a 
magnet, a tangent is drawn to the curve at its 
intersection with the B — axis, and the rigidity 
value is given by the intercept on the H — axis 
made by this tangent. The values given in the 
table have been obtained in this way. 

Furthermore, the nature of the curvature of that 
portion of the cyclic diagram between the remanence 
and coercivity points is, from the point of view of 
investigating the quality of a magnet, more pro- 
ductive of information than any other part of the 
loop. In the first place, the area enclosed by it 
and the two axes is the measure of the energy 
possessed by the magnet in its finished condition 
when tested as a closed magnetic circuit, inasmuch 
as the area is proportional to of H-s B. This fact 


has led to the introduction of the principle of taking, 
as a rough approximation of the magnetic strength 
of a magnet, the product of Brem and H, Asa 
discriminating measure, it is a useful criterion in the 
case of workshop testing, inasmuch as when this 
product attains the value of 580,000, or a greater 
magnitude, and the values of Brem and H, respec- 
tively are not less than 10,000 and 55 units, there 
appears good reason for accepting the magnet. This 
measure of the magnetic strength, however, does 
not differentiate satisfactorily between magnets of 
different dimensions, and it certainly does not 
correspond to the measures of the rigidity, even 
when the magnets are of uniform quality. 

In order to add to this critical measure of taking 
the product, Brem X Hoe, the suggestion has been 
made to obtain the magnitude of the intensity of 
the flux remaining in the magnet after a demagnetis- 
ing force of H = 30 units has been applied during 
the test for the coercive force of the magnet. This 
apparent remanent flux is denoted by Brem and 
its measure is given by the ordinate in Fig. 3 for 
H = — 30. The merit of this additional measure 
lies in the fact that the greater ordinate for two 
magnets, with equal values of Brem and He, will 
have the flatter curve at this point, which is 
valuable criterion when comparing two magnets. 
But in the case of two magnets of equal product, but 
differing in the values of Brem and He, the greater 
ipa etr a sie ng eden ey i 

ity of a t. tter criterio 
uality magne Seinoleat af 


or working q 
is to take the value of the apparent 
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retentivity, given by the ratio = Probably, 
™m 
also, the value of H = — 30 does not give the 
most suitable point of reference, and the value of 
H = — 20 is put forward tentatively, inasmuch 
as the falling off in the flux-density of a newly- 
magnetised magnet down to its steady or constant 
intensity is something of the order of 334 per cent. 
of the real remanence, as obtained by a closed circuit 
test. The reason why the value of Bemis not 
necessarily an exact criterion is the fact that it does 
not indicate the slope of the curve at the point 
under consideration. What is really wanted is a 
measure of the square of the magnetic susceptibility, 
K, of the material at the point, according to the 
law “the rate of variation of magnetisation, with 
changes in the magnetising force, is proportional 
to the square of the magnetic susceptibility,” or 


51 (“) 


y on c From this point of view the more 
satisfactory the magnet the smaller will be the 
value of K2, or, better still, the larger will be the 


value of xi 

It is difficult to explain why there may be 
a difference in the nature of the gradient in the 
curve between the remanence and coercivity points 
in the case of magnets which have identical values 
of Brem and H,. One would expect a more rapid 
variation in the flux-density during demagnetisation, 
on the one hand, in the case where two magnets 
have the same product, but different values of 
coercivity, inasmuch as the areas enclosed, and, 
therefore, the energy represented, would approxi- 
mate to equality, provided the measure of the 
magnetic strength was representative of the value 
of the magnet as fixed by the area. The differ- 
ence in the rate of change in the intensities may 
possibly be due to the difference in the elastic 
properties of the material, since there is some 
evidence, which indicates that the constant c in the 


FN 
equation ym c to is associated with the mea- 


sure of the elastic limit of the material. This matter 
can only be decided by research : but it is suggested 
that whatever changes take place in a magnet, in 
consequence of external influences, occur because the 
elastic limit of the material is such as permits the 
movement of the molecules of the magnet to take 
place slowly or quickly as the case may be. Both phy- 
sicists and chemists are unanimous that the magnetic 
and mechanical properties of a material depend upon 
the structural constitution of the material, rather than 
upon the chemical composition, and from this point 
of view it appears that the variations in the slope 
of the curves is due to variations in the heat treat- 
ment of the magnets, even if slight, and, therefore, 
to differences in the magnitudes of the elastic pro- 
perties. 

The two properties, high permeability and rela- 
tively large remanent intensity go together, and are 
as @ general rule, associated with a low value of 
coercivity, from which it may be implied that steels 
which develop large values cf magnetomotive force 
per unit volume when magnetised, do so more or 
less weakly, and soon decay, thus denoting low 
permanence. If such materials are employed for 
making permanent magnets, the only advantage 
they possess is their small volume and light weight. 
The requisite and vital property in magneto-magnets 
is high coercivity, which is indicative of great 
permanence and probably a large magnetic rigidity ; 
but high values of coercivity and permanence are 
generally associated with lower values of remanent 
intensity and permeability. Magnets made of 
materials possessing the latter qualities retain from 
5,000 to 8,000 lines per sq. om. of cross-section, 
and are, consequently, bulky and heavy in order 
to seoure the necessary M.M.F. and requisite flux. 
This implies that the question of composition must 
be taken into account when the suitability of a 
magnet for a given function and its cost have to be 
considered, and in some cases simple carbon steels 
suffice. Thus, in the case of permanent magnets in 
the form of long, thin, straight rods, or of a nearly- 
closed ring or of a horse-shoe with a very narrow gap, 
& comparatively low carbon-content steel (i.¢., 





O = 0-5 per cent.) will suffice, inasmuch as high 
remanence is essential, whilst the coercive force is 
of secondary importance, the demagnetising effects 
of the ends being relatively small. On the other 
hand, a high percentage of carbon, or the addition 
of tungsten, chromium, vanadium or molybdenum 
is essential when the magnets are in the form of 
short, stout rods or a horse-shoe with a broad pole- 
gap, in order to secure a large coercive-force, and 
thus keep the demagnetising effects of the ends 
within reasonable limits. 

At the present time the want of a complete 
specification is keenly felt by all concerned, and 
it is suggested that the factors a (Kennelly’s 
Law), retentivity co-efficient, magnetic rigidity, 
n (Steinmetz’s co-efficient), in addition to the 
usual values of Bmax, Brem and H, should be 
considered when deciding upon the quality of the 
material for use as magneto-magnets, the results 
being obtained from standard ballistic tests on the 
material in the form of bars. Whilst in the case of 
the more practical or workshop tests, the values 
Bmax Brem, He, co-efficient of retentivity, and the 


values of xe for a specified magnitude of the demag- 


netising force, should be obtained, and there appears 
to be no difficulty in devising a magnetic tester which 
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will permit the necessary values to be obtained 

readily and quickly, even when the conditions of the 


test approximate to the working arrangements of a 
magneto, 
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When one comes to the design of permanent 
magnets for specific service, it is obvious that the 
dimensions and shape are factors, as well as the 
remanent intensity, which have to be taken into 
account to obtain the requisite working conditions. 
The following is a brief outline of the general prin- 
ciples underlying the design of permanent magnets. 

When selecting the material, it will be assumed 
that samples of different steels, in the form of straight 
bars or closed rings, are suitably wound with primary 
and secondary windings, and the magnetic properties 
determined ballistically after the material has been 
hardened to the right degree, and that curves have 
been obtained similar to the half-hysteresis loop 
shown in Fig. 4. After magnetising the sample to a 
maximum induction-density, Bmax, the magnetising 
force H is gradually reduced to the zero value, and 
OB, represents the remanent intensity, correspond- 
ing to which the coercive force is O C for the closed- 
circuit condition. O C is, therefore, a measure of 
the M.M.F. per cm. length of the magnet, in the 
case of the ideal closed magnetic circuit. Obviously, 
the object sought in designing a magnet is to secure 
as large a value of the flux-density as possible, 
consistent with permanence ; but inasmuch as an 
air-gap forms part of the magnetic circuit of the 
magnet in practically all cases for which permanent 
magnets are required, it follows that the conditions 
represented in Fig. 4 are more or less modified 
in the case of composite magnetic cirouits—i.e., 
magnetic circuits partly steel, iron and air. Thus, 
if we imagine that a saw-cut (introducing an air-gap) 
be made through the steel ring, it is obvious that 
only a portion of the total M.M.F., represented by the 
coercive force O C, will now be available for sending 
the flux or lines through the steel portion; con- 
sequently, the flux-density in the steel will be less 
than that denoted by O B,, And since the reluctivity 
of air is » times that of the ferric portion, it follows 





that the difference of magnetic potential, V, reserve 
for the steel portion, will be small compared with 
the difference of magnetic potential V, required for 
the air-gap, when the air-gap becomes appreciable 
in length. In all cases we have— 


total M.M.F.=V,+V,, 


and, considering the problem as analogous to a 
composite electric circuit, we may assume that the 
M.M.F. provided by the magnetised steel is distri- 
buted proportionately to the reluctances of the 
several portions of the complete magnetic circuit. 
To take a specific example, we may suppose that 
with a certain length of air-gap, ly, the difference 
of magnetic potential Vy, required to send the 
desired flux across the gap is denoted by O,, when 
the total M.M.F. of the magnet is represented by 
O C; then Cc denotes the difference of magnetic 
potential, V, expended on the metal portion of the 
circuit, and the flux-density in this part of the cirouit 
will be given by the ordinate bc. To determine the 
dimensions of a permanent magnet which will give 
a definite flux in an air-gap of given length, it is 
essential that the curve for the material similar 
to that given in Fig. 4 should be obtained. In 
order to secure permanence, it has been found that 
a flux-density of 2,000 lines to 3,000 lines per sq. em. 
gives satisfactory results, and when this value has 
been decided upon, the required value of the 
difference of magnetic potential Vs required in the 
steel is given by the length Cc. Now,since the gap 
difference of magnetic ‘potential per om. length 
0-8 B,, where B, is the flux-density in the air-gap, 
it is possible to calculate the magnitude of B, for 
given values of 1, and l,, from which the area of 
the cross-section of the gap is obtained for the flux 
required. Usual values of B, lie between 800 lines 
and 2,000 lines per sq. cm. When the difference of 
magnetic potential V, required for a given air-gap 
is known, the required length of the magnet is given 
by o¢ Allowance, however, must be made for leak- 
age, ageing loss, &c., and it is usual in practice to 
increase the estimated area and length of the magnet 
by 10 per cent. For permanence, Hookham found 
that the following empirical formula respecting the 
relationship between the dimensions of the magnet 
and air-gap gives good results in pradtice— 


Ay = 70 A. 

ly L 
where A, and A, denote the magnet and air-gap 
areas, and 1, and J, the lengths of the gap and 
magnet respectively, so that when , the 
length of the magnet should be 70 times that of the 
air-gap. This relationship is based upon the fact 
that the internal reluctance of the magnetic circuit 
is equal to the external reluctance, and a factor of 
safety of approximately three, is allowed—i.e., the 
magnetising force is then approximately three times 


| that of the demagnetising force. 


It follows from first principles, that if it is desired 
to provide for a magnetic flux in the air-gap p per 
cent. greater than that estimated, the length of the 
magnet must be increased p per cent. to provide 
the additional difference of magnetic potential 


required in the gap, and its cross-section must also 
be increased by p per cent. to keep the flux-density 
constant, and so insure the factor of safety of per- 
manence. In other words, the magnetic flux in the 
gap is proportional to the volume of the magnet. 
When a given flux-density in the air-gap is required 
for a longer length of the gap, the length of the 
magnet must be increased in the same proportion. 


If the area of the t be increased so as to 


reduce its flux-density, and leave a larger surplus 
of difference of magnetic potential for the gap, the 
permanence attained is not so great as if extra 
length of the magnet be provided to allow for the 
longer gap. The gap-length and the flux-density 
therein per om. of the magnet are confined within 
well-marked limits if permanence be desired. As a 


Ce 


general rule, the greater the value of the ratio — 


Oc 


(Fig. 4)—+.e., the greater the proportion of the 
M.M.F., expended in the steel, the more permanent 
the magnet; hence the working rule that “the 
polar area at the gap should be as large, and the 
gap-length as small, as possible.” 
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TEMPLETS, JIGS AND FIXTURES. example is that of a fixture in which the half of a | teak disc is recessed to take a half-casing C, which 








No. XIII pulley casing is held while a groove for the control |is secured with a smaller disc, and centred, and 
0. - wire is being milled. The pulley in its casing, with | tightened with a bolt and wing nut. A flange on the 
By Joszra Horner. the control wire, is seen in Figs. 393 and 394:| bolt centres the bottom disc, Fig. 395, and is 


Some miscellaneous examples of fixtures and/the only detail which concerns the present subject | fastened to it with six wood screws. The setting 
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SECTION C-C. 
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SECTION #A. 
Figs, 393 To 412. Fixrures py Messrs. Ransomes, Sumas anp Jerrertzs, Loarep, [pswicu. 


jigs’are given in this article culled from the practice | is the groove in the casing. The fixture is shown by | to the angle of the groove is done with a pin entermg 
of three leading firms. The illustrations on the pre- | Figs. 395 and 396. It includes a base A, of cast-| holes seen in Fig. 396. As the angles vary in 
sent page are concerned with the work on some|iron, which is common to all the different sizes of pulleys of different sizes these variations are pro- 
aeroplane parts as carried out by Messrs. Ransomes, | pulleys dealt with, on which baseplates of teak B/| vided for in the plates, for which a table is given. 
Sims and Jefferies, Limited, of Ipswich. The first |are fitted to suit each size of pulley made. The! The holes in the recessed teak plate B are bushed 
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to receive the pins that pass through to enter holes| correspond with the transverse angle at the left- 
in the cast-iron bottom plate. One set of holes is| hand view of the bracket in Fig. 397. In the end 
on the centre line at right angles with the axis of | elevation, Fig. 399, the angles are seen to 


the plate bolted to the machine table. 


correspond 
with the longitudinal angle, Fig. 398. A bracket 


The next example is that of a fixture for holding|is seen outlined on the left-hand of Fig. 399, 
flap pulley brackets, Figs. 397 and 398, to have the | A bracket is also shown by dotted lines in the side 
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the main fixture, a gauge plate D is screwed as a 
guide to set the cutters by laterally, and depthwise 
by the shoulders (compare with the separate detail, 
Fig. 402), for tooling the bevelled top of the foot, 
The illustrations, Figs. 403 to 405, relate to a 
master jig used for drilling flat plates required in 
large quantities, which plates are seen in dotted 
outlines in Fig. 404, located in ‘the jig. This is 
self-contained, comprising a base, and a hinged 
cover clamped with an eyebolt. Being small, it is 
readily moved about on the drilling table with i 





ite 
handle. Four sizes of these jigs cover all the flat 
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Fics. 413 ro 419. Wetprine Fixture sy Messrs. Ransomes, Sims AND JerreRies, Limitep, Ipswicn. Fics. 420 To 438. Fixtures and Jics 
Acme Macniyge Toot Company, Crxcinnati, Onto, U.S.AS wg Bony 


BY THE 


tops of the feet milled. These are right and left- 
handed, and are held in opposite sides of the 
fixture, four of each hand being treated at one time. 
_ It will be observed that the face a of the foot 
lies in two angles in relation to the stem, one in 
the longitudinal, Fig. 398, the other, Fig. 397, in 
the transverse direction. These are provided for 
in the fixture, Figs. 399 to 401, which comprises a 
foot A to bolt to the machine table, and a central 
vertical portion B, in the faces of which recesses 
are cut to receive the feet of the brackets. In the 
sectional plan, Fig. 401, the angles of the recesses 





elevation, Fig. 400. The brackets thus lie snugly 
in the fixture by the whole length of their feet, the 
undersides of which have been previously tooled 
in a fixture of a similar design. They are supported 
in addition in a loose strip C, which has holes bored 
to receive and steady them, which strip fits in a 
longitudinal groove, and is clamped to the main 
body of the fixture with a bolt at each end, and a 
clamping plate, Fig. 401. These details are seen 
as arranged for tooling four brackets on one side 


of the fixture, after which four of the other hand are’ 


dealt with on the side opposite. At each end of 


plates that have to be drilled, and large numbers 
of each size are distributed about the shop. The 
bottoms or base portions are machined in quantities, 
but the top hinged member is thicknessed to suit 
the gauge of the plates to be drilled, These are 
located by their edges which enter into recesses cut 
in the edges of the strips riveted on the base. 
Bushes, Fig. 406, are inserted in the hinged cover. 
They are standardised in a number of sizes, the 


dimensions of which are given in the table. 
A fixture of another class is used for locating 





parts to be welded. Figs. 407 and 408 show a tail 





—————— 


ee 








366 ENGINEERING. 


[Ocr. 4, 1918. 








plane adjusting bracket, its sections being seen| then tacked together, and the weld is finished after 
in the group, Fig. 409. The foot of this has to be| removal. 
welded to the upright in correct relationship after| Another welding fixture is used for setting a tube 
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first located in the central slot a prepared for it in 
the base of the fixture. The tubular part is 
pushed on the spindle A, until stopped by the 
Fig.442 ont ¢ 
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all the holes have been drilled, the setting for which |for a pressed control cross-shaft bearing. Th 
is done in the fixture, Figs. 410 to 412. The} completed article is ven in Figs. 413 to 415, on 
upright is attached to the two bosses A, A, and the | page 365, and the fixture in Figs. 416 to 419, on the 
foot is fastened to the base portion. The two are|same page. The bracket portion of the pressing is 
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Fies. 439 ro 447. FixturREs AND JIGS BY THE 
Acmz Macutne Toot Company, CINCINNATI, 
Onto, U.S.A. Fies. 448 To 455. Frxrurzs 
AND JIGS By THE BROWN AND SHARPE Manv- 
FACTURING ComPANy, PRovipENCE R.I., U.S.A. 


shoulder. Tube and{spindle are then thrust through 
the bosses of the fixture, and the bracket portion 
of the pressing, as shown. The correctly-located 
parts are then tacked together, and welded after 
withdrawal. 

The examples, Figs. 420 to 447, on page 365 and 
the present page, are selected from the practice of 
the Acme Machine Tool Company, of Cincinnati, 
Ohio, U.S.A. They show fixtures used for the very 
large production of some small pieces employed on 
the firm’s machines, in which an obviously simple 
bit of tooling involves elaborate preparations to 
secure interchangeability of thousands of pieces. 

Fig. 420 shows a small worm wheel, the teeth of 
which have to be cut on a Pratt and Whitney hand- 
milling machine. It measures only 1.717 in. over 
the points of the teeth—25 in number, 0.1373 in. 
deep. These wheels are made both left and right- 
handed, single-threaded. A general view of the 
fixture used is shown by Figs. 421 to 423, and some 
separated details in subsequent views. A main 
bracket A is recessed to receive a hinged work- 
holder B, the exact location of which is set and 
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arrested by a stop and stop-pin C, when the work- | 
holding spindle occupies a horizontal _ position, | 
and which is moved about with the long handle D. | 
The work-holder receives an arbor that carries a | 
master worm gear E, of mild steel, carbonised, of 
the same dimensions as the gear blank F to be cut, 
the latter being mounted at the opposite end of the 
arbor. The master gear is in mesh with a worm G 
the shaft of which is driven through equal spur 
gears H, H, from the arbor on which the cutting 
hob J is mounted. The arbor fits into the spindle 
of the milling machine with a Brown and Sharpe 
taper. The parts are shown in the group of Figs. 
424 to 434, in which the separate details can be 
understood better than in the general assembly 
drawings just referred to. 

The main bracket, Figs. 424 to 426, is bolted to 
the table of the milling machine through two open 
slot holes, for ready fixing and removal. It fits 
to the table with a central tongue. The recessed 
portion affords clearance for the work-holder B, 
Figs; 427 to 429, which by means of its long handle D 
is thrown downwards sufficiently far to enable the 
blank to clear the hob for its insertion, and removal. 
The front part of the concave recess is chamfered 
away, Fig. 422, to permit of this downward move- 
ment. On its return to the horizontal position the 
screwed stop-pin C provided with a lock nut comes 
in contact with the hardened stop that is driven 
into a hole in the base casting. The work-holder is 
pivoted in the base on a long pin, shown in detail 
in Fig. 430. The worm G, seen separately in 
Fig. 431, is mounted on this pin. It is inserted in 
the larger hole in the base bracket, which hole is 
then closed with a bush K, Figs. 421 and 423, and. 
separately in Fig. 432. A collar on the bush 
determines its position against the bracket, and the 
opposite end of the bush abuts against the end of 
the worm. One of the equal gears H, is keyed 
on the other end of the pin, and a nut at each end 
secures the pin in the bracket. The enlarged portion 
of the bore, and the screwed boss that receives the 
handle D are seen in the section of the work-holder 
in Fig. 429. 

In the lower portion of the work-holder B, the 
worm-wheel blank and the master worm wheel are 
carried on an arbor, which is shown in Fig. 433. 


The central portion, where the largest diameter | . 


occurs, occupies the long boss seen in Fig. 422, and 
in section in Fig. 429. At each end of the pin the 
diameters are reduced to receive the blank, and the 
master worm wheel, with threaded lengths beyond 
for the nuts. Fig. 434 shows a hob used for cutting 
the gear, being made right and left-handed. 

An example of indexing is shown in the next 
illustrations. Figs. 435 and 436 are stop index 
pins, that are milled transversely at angles of 
120 deg. and 60 deg. and to definite distances from 
the ends. These, as most lathe men know, are 


leading elements in the unique system of stops that hee 


is employed in the Acme turret lathes. The 
scheme of the fixtures designed for tooling both these 
elements is shown by Figs. 437 and 438, page 365. 
The body A, bolted to the table of the machine, 
and shown in its three views in Figs. 439 to 441, 
is bored to receive bushings B (compare with, 
Fig. 442) through which the indexing pegs, the grub 
screws a, a, Figs. 437. and 438, are put. The bush 
shown has six slots, which are cut to definite lengths 
that correspond with the longitudinal distances of 
the sections to be milled. A set screw b grips the 
bush securely in the body though the medium of a 
loose block. The stop index pins to be milled are 
carried on a holder, Fig. 443, this being designed for 
the pin in Fig. 436. The right-hand end makes a 
slide fit in the bore of the body A, Figs. 437 and 440, 
and in the bush. The stem at the left-hand end 
carries the feed-stop index, which is secured with 
& clamp nut. For the mounting in Fig. 437 the 
holder is bored to receive the auxiliary stop index 
of Fig. 435. 

A face gear used on the lathes of the Acme 
Company has spiral (hyperboloid) teeth produced 
by hobbing, Figs. 444 and 445. The fixture used 
is shown by Figs. 446 and 447, mounted on the 
machine. It is provided with a spur gear of 44 
teeth, driven by a pinion, so rotating the blank. 





The milling arbor, driven through mitre gears, 
Totates the hob. 


' Continent. 


On page 366 are shown some fixtures and jigs as 
made by the Brown and Sharpe Manufacturing 
Company, of Providence, R.L, U.S.A. Although 
the only work done in them is a little drilling and 
reaming, the numbers of units turned out are 
large, and the designs provide for quantity produc- 
tion, with wear long delayed. 

Fig. 448 is a driving shaft clutch holder. The 
fixture jig, Figs. 449 and 450, provides only for 
drilling one small hole, 0.190 in. in diameter, to 
receive a pin that locates it relatively to its clutch, in 
Fig. 451. The fixture is a square casting, with feet 
standing up high enough to permit the casting 
attached beneath to clear the machine table. The 
clutch holder is secured with a bolt, the body of 
which fills the central hole. Its washer below is 
slotted through on one side to be slipped out 
laterally, without removing the nut. The hole is 
drilled through a bushing A, of tool steel hardened 
and provided with a milled head. This is inserted in 
a lining bushing, also of hardened tool steel, so that 
both are very durable. The length of the drilling 
bush also delays wear, and affords perfect guidance 
to the drill. A small cheese-head screw, Fig. 450, 
prevents the bush from being revolved by the 
friction of the drill. Fig. 451 is the clutch, which 
also is furnished with a jig, Fig. 452, for drilling 
the small hole. It resembles the other in its 
outlines, and the same remarks apply to each. 
The drilling bushing is exactly like the other, 


though only the lining bushing is shown in 
ig. 45: 


Fig. 452. 

Figs. 453 to 455 illustrate a fixture used for 
drilling and reaming the bore of a slotting cam lever, 
which is shown in dotted outline in the plan view, 
Fig. 453. It is located on the centre of the plate 
with three set screws, case-hardened. The casting 
is supported on the heads of studs, hardened, 
and driven into the plate, seen in each view, and it 
is held down with a clamp. This also is 
provided with a hardened stud to bear on the casting. 
The clamp is supported at the other end on a stud, 
entering a groove on the under side of the clamp 
that prevents it from turning. The bolt is encircled 
with a coiled spring, that throws the clamp off the 
work when the pressure of the nut is taken off. 





“Tue AMERICAN JOURNAL OF SoreNcE.”’—The July 
issue of The American Journal of Science, which used to 
be known as Silliman’s Journal, commemorates the 
100th anniversary of the fou of the journal by 
Benjamin Silliman in July, 1818. The issue of 416 

contains a sketch of the of the journal and 

1 chapters on the development those hes of 
catieal science to which the journal has particularly been 
devoted throughout its existence. Prominent among 
these is zoology in its various aspects; mineralogy, 


COKE HANDLING AT MANCHESTER 
CORPORATION GAS WORKS.) - : 
By Georas Freperick Zoamer, A.M. Inst. C.E. | 


Tae handling of incandescent coke is, as is well- 
known, the most difficult problem with which a handling 
—— may be confronted, as the fumes from the 
coke, laden with sulphurous acid, as well as the corrosive 
action of the quenching water, have a tendency to 
destroy the mechanical parts of the conveyors with 
which they come in contect, for the ‘‘ breeze’, disin- 
tegrates the wearing surfaces, while the hot coke 
distorts and anneals them. ~ 

Although the advent of the hot coke conveyor in gas 
works was only a year later than that of the coal con- 
veyor, i.e., about 1891, its infantile complaints were not 
altogether left behind when it reached the age at which 
one might expect maturity, though in this respect the 
coal conveyor left nothing to be desired. The degree 
of success recorded by the earliest coke conveyors was 
decidedly small—if, indeed, it could be spoken of as 
success. The coke was satisfactorily con by them, 
but repairs and renewals were so costly that, in 1901, 
after the accumulated experience of ten years, at the 
meeting of gas engineers in , the late Mr. W. R. 
Chester, of Nottingham Gas Works, practically proved 
that when mechanically-handling material such 
destructive nature as incandescent coke, with the appli- 
ances then available, the point at which mac 
labour becomes more economical than hand labour 
coe ee eee a Os oe 
quantities. No mechanical conveyor can be an economic 
success over hand labour, when the quantity to be 
handled annually is = certain minima » 
that is to say, a conveyor of an ve type w 
felipe Ttthe dviving power, and the test of mahpop of 
which is likewise small, would become more economical 
ogee apepenabambehpen em ee - 
city, while a conveyor req ca A 
ant driving oly and iy Bec nm 5 upkeep, 
could not be more economical than hand labour, except 
for very large annual capacities. At that time it was 
estimated, on the basis of Mr. Chester’s figures, that 
the cost of handling hot coke mechanically from the 
retorts to the heap in the yard, was 6-47d. per ton, 
inchusive of repairs and renewals, as well as 34 per cent. 
interest on capital outlay. With hand labour at the, 


then, state of the labour market (1901), a man removed 
15 tons of coke per day from the floor, quenched 
and delivered it at the coke heap in at a cost 


of 4d. per ton, to which must be added Id. per ton for 
renewal and repair of the barrows, bringing the total 
to 5d., thus showing a balance of 14d. per ton in favour 
of the manual performance. 

We Reve aie. om ie Seeing mma One « 
considerable amount of di is inevitable when 
with hot coke, common sense, therefore, 

that simplest, most and most 
repaired be used for the as wear 
tear can then be centralised to a simple part and made 
good with a minimum of delay expense. These 
conditions are fulfilled by an intermittent 





botany, geology, chemistry and physicsare chiefly treat 
in their bearing on geological pro » and there is a 
ial brief re ma y R. B. Sosman on the work of the 
Geophysical Laboratory of the Carnegie Institution at 
i m. The problems of rock production, Sosman 
points out, can be approached by three methods: (1) By 
reproducing in the laboratory some of the cha 
observed in natural rocks ; (2) by applying the princip 
of physical chemistry to a great y of carefully selected 
statistics ; (3) by bringing together pure materials under 
measurable conditions thus to establish by atrictl 
quantitative methods the conditions in which minsrals 
can exist together at temperatures and pressures which 
have power to affect such relations. third method 
has chiefly been used in the Geophysical Laboratory since 
its foundation in 19065, and it has proved practical not only 
to make —— studies, over a wide moe of tem- 
peratures, of the relations existing between principal 
earth-forming oxides (of dilieon, Geaiaiadiems, calcium, the 
alkalis, iron), but also to extend these studies to copper 
sulphide, silicates and glass. It hag further been shown, 
rding to S« , that rock formation in which 
volatile ients play a determining part, can be 
studied in the laboratory with as much precision as if all 
the constituents were solids or liqui These are hi 
claims; there is a natural apprehension that the vast 
ramifications and complications of rock formation cannot 
adequately be investigated in the laboratory, and we 
are not so certain that this apprehension has really 
been dissipated. But the Geophysical Laboratory has 
certainly done excellent work, ee 4 also with 
respect to volcanic action which its emissaties have 
been exploring on Vesuvius, Etna, and Stromboli, on 
Kilauca in Hawaii and on the Katmai volcano in Alaska, 
which has been active since 1912 and is the largest 
crater at present known. As regards the founder of 
the joummal, Benjamin Silliman was the son of a general 
at in the war against England. He was born in 
rumbull, Connecticut, in 1779, and was a graduate of 
Yale College, New Haven, which later appointed him 
to the new chair of chemistry and geology after he had 
travelled and studied in Edinburgh, Lenten, and on the 











hine, such, for instance as the telpher, or the 
machine forming the subject of this , the = 
of which can be repaired by any ksmith, 
expensive parts being well out of the way of injury. 
A continuous conveyor for hot coke, on the other hand, 
cannot be ene as ond ag ha hme like 
so low a figure, e to injury in practically 
all parts, and fortes chole h. are, however, 
many instances where a continuous conveyor is more 
suitable to the lack of headroom necessary for 
a telpher, or for other causes. 

Hitherto the adoption of mechanical devices for 
dealing with hot coke has been dependent upon the 
size of the works, their general lay-out, and the abund- 
ance, or otherwise, of manuallabour. Different devices 


have received the su: of different engineers, accord- 
ing to the local ) at their works. 


btaining 
mechanical handling devices have been installed 
preety he 
continuous conveyors, or on & plant. few 
works nowadays would consider the question of taking 
out the hot coke in barrows. 

Continuous hot-coke conveyors may be of either the 
drag-bar type, which pushes the coke along, or the 
continuous-plate type, which carries the coke, both 
work in a trough partly filled with water. Both types 
have their a ey the former being, as a rule, 
the favourite. ese conveyors are expensive in first 
cost, and the repairs and renewals are also big items, 
as is only too well-known, and as is consistent with the 
nature of the circumstances. 

A telpher plant in a retort house, though generally an 
improvement on the continuous conveyor, has also its 
disadvantages, which are, however, more or less con- 
tingent to all intermittent systems. “A c from a 
retort has to be picked up, quenched, and taken away 
to the storage pile in the yard before the telpher can 
get back to take the charge from the next retort, but 
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COKE-HANDLING PLANT AT BRADFORD ROAD GAS WORKS, MANCHESTER. 




































































CONSTRUCTED BY MESSRS. DRAKES, LIMITED, ENGINEERS, HALIFAX. 
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ELEVATION AT BACK OF MACHINE. 


ELEVATION AT FRONT OF MACHINE. 
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this can be minimised by employing more than one 
machine. What is of more importance is the fact that 
both the conveyor and telpher run parallel and in close 
proximity to the retort benches, so that the coke, in 
order to be removed has to pass in front of all the 
intervening beds between the points where it is received 
and delivered. As we have seen, in some of the con- 
veyors the quenching of the coke is performed in the 
trough, and the steam thus produced renders attention 
to the mouthpieces of the retorts difficult, and fills the 
house with vapour, which is detrimental to the roof 
and other structural work, owing to the condensation 
on such cold surfaces and the consequent dripping of 
water and dirt on those beneath. 

The new machine brought on the market by Drakes, 
Limited, of Halifax, as the “‘ Ideal” system of hot-coke 
transport, appears to overcome all the difficulties above 
set forth, and at the same time embodies the advan- 
tages of any coke-handling device yet introduced, as 
will be seen from the following description :— 

A ground plan of the Bradford-road Gas Works of the 
Manchester Corporation is given in Fig. 1; it shows 
the retort benches, the rail track with the coke dis- 
charging machine, and the numerous openings in the 
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with a minimum of trouble. Instances of insufficiently- 
quenched coke are altogether unknown. 

The skip cradle is raised on its inclined path by means 
of two steel-wire ropes, one at each side, which are 
each tested to 6 tons, and which run round two large 
guide pulleys at the top. The track is constructed of 
steel channels and angles, and has attached to the 
underside a steel plate, guard, or shoot, which prevents 
any coke which may be accidentally spilled from the 
skip in tipping from falling on to the men when passing 
round the machine. The guide pulleys and hoisting 
drums are of ample size in order to reduce the wear and 
tear on the wire ropes, due to constant handling. The 
hoisting drums are of cast-iron, made in two sections, 
each having an inner barrel and an outer grooved sleeve, 
and so arranged that the sleeve may be adjusted to any 
desired position in order to keep an equal tension on 
both hoisting ropes, and also to take up any inequality 
in their lengths. The four runner wheels on the skip, 
and the guide pulleys for the ropes, are mounted on 
roller bearings in order to eliminate friction as much as 
possible. 

There are two electro motors, one for travelling, and 
one for hoisting, both of which operations can be 








Fic. 6. 


wall through which the coke is discharged on to the 
quenching bench or hearth “outside” the retort 
house, 

The machine proper is shown in Figs. 2, 3, 4 and 5, 
the last-named view being a cross-section through the 
retort house and quenching bench, the latter being 
shown also in Fig. 6. Figs. 7 and 8, on page 376, are 
photographic views, showing the skip in two different 
positions, namely, its lowest and highest. The appliance 
is mounted on a bogie running on rails in front of the 
retort bench, and is similar to an inclined elevator with 
one large bucket, or in other words, is like a skip hoist, 
used for boiler-house refuse, which is similar to coke 
in its destructive nature. The coke is delivered by a 
steel-cased multiple shoot into the skip from the various 
tiers of retorts; this shoot is attached to the travelling 
carriage of the machine by a steel channel frame, and 
has ample bracing to ensure rigidity. The vanes of the 
shoot are arranged to project slightly beyond the cast- 
iron mouthpieces of the retorts, so that the whole 
of the coke passes into the skip without any spilling. 
The shoot is almost entirely enclosed, thus shielding the 
operator from the intense heat. 

A retort of a higher tier does not mean a greater fall 
for the coke, as the skip is raised further up the incline 
to receive its load. In working, the skip is set at such 
& position at the bottom of the shoot that the coke is 
received with a minimam of fall, thus obviating the 
formation of breeze. This skip travels on four wheels on 
double tracks and the divergence of the lower one, on 
which the forward wheels travel, causes it, when it 
reaches the top, to slowly tilt, so that the coke is dis- 
charged gently into the fixed shoot in the retort house 
wall prepared to receive it, and down which the coke 
slides on to the quenching bench outside the retort 
house, where it is spread in an even layer and quenched 


carried on simultaneously; a skip load need not, there- 
fore necessarily be dumped on the nearest part of the 
hearth. These motors are of the totally enclosed dust- 
proof type. 

The travelling carriage of the machine is a stro’ 
framework of steel channels, to which the hoisting an 
travelling motors are secured. The travelling wheels 
are of cast-steel, and have machine-cut spur rims bolted 
thereto, the power being transmitted from the travelling 
motor through a train of mild-steel machine-cut gear 
wheels. 

An adjustable platform is provided for the attendant 
for the purpose of opening and closing the mouthpiece 
lids on the retorts of the upper tiers; this platform is 
counterbalanced and can operated with ease by 
means of a handwheel, from the driver's platform. 
A steel-plate shield is fixed to the “lidman’s”’ plat- 
form, to prevent his suffering any discomfort from 
the heat of the coke, there is also an automatic safety 
device which comes into operation should either of the 
steel-hoisting ropes break. 

The coke skip in this installation is 7 ft. long and 
5 ft. wide, and of a capacity to receive the contents of 
one retort (24 in. by 18 in. by 22 ft.). It is constructed 
of steel plates and angles riveted together, and is 
mounted on a separate cradle or carriage, being easily 
| removable when . It may be interesting to 
| note that whereas, on the installation of the plant, the 
| manager, Mr. Hill, was pre to renew the skips 
| every fortnight, if need be, so long as the system handled 
| his coke expeditiously, yet the original skip fixed in 
| December, 1916, has been continuously at work ever 
| Since without any need of repair. The skip cradle is 
| constructed of steel channels, to which are fixed forged- 
| steel trunnions for the runner wheels, which are of cast- 
| steel and fitted with roller bearings as well as the guide 





pulleys, which revolve on steel pins fixed in the brackets 
at the top of the track frame. The hoisting gear consists 
of two drums or barrels, one on each side of the machine, 
keyed on to a common shaft, which is driven through 
worm gearing by a totally-enclosed reversible crane 
motor. In addition to the worm gearing, there is an 
automatic solenoid brake, and by stopping the motor, 
the skip may be instantly brought to rest at: any 
desired point on the track, as, for instance, when it is 
desired to set the skip in position for receiving the coke 
from the upper tiers of retorts. At the upper and lower 
ends of the track there is, moreover, an automatic 
cut-out switch, which renders over-running of the skip 
impossible. In actual working the skip is automatically 
stopped on the hoisting motion, the attendants using 
the controller to stop the skip on the lowering motion 
only, when dealing with the upper tiers of retorts. 
Two controllers of the tramcar type are employed, 
one for the hoisting and one for the travelling motion, 
and it is possible for the operator to both travel and 
hoist at the same time. The electric current, which in 
this case is 400 volts D.C., is taken from overhead 
cables. 

One very important feature of this system is the fact 
that by utilising a coke-quenching bench outside the 
house, instead of delivering directly into telpher skips, 
conveyors, &c., the operations inside the retort house 
are not dependent upon the removal of the coke to the 
storage plant, it can, in fact, be q hed and remain 
there as long as desired, provided it is taken away before 
the next round of retorts is due, and if there is not 
sufficient room for the second round to be discharged 
on the bench while the first round remains. Even should 
there be a glut of coke at any one point on the coke 
bench, delivery can be effected with this machine at any 
other point desired. It is, however, far better to clear 
the coke from the retorts as it is made, and there is 
plenty of time for doing this in between the rounds. 
It will be seen that where the ordinary coke is desired 
without screening, it can be delivered direct from the 
quenching bench into carts, thus avoiding handling in 
other directions. Fig. 6 shows a portion of the quenching 
bench and a small train of tipping trucks for the purpose 
of removing the coke. 

The actual time taken in discharging a 24-in. by 18-in. 
retort, 22 ft. long, and depositing the coke on the 
quenching bench, is 35 seconds, and the skip is again 
in position to take the next retort in a further 10 seconds, 
the whole cycle of operations being performed in 
45 seconds. With a complete installation of carbonising, 
on the system advocated by Drakes, Limited, the time 
expended, per retort, in a large retort house, is well 
under one minute. We thus see that the coke is trans- 
ported in a bee-line from the retort, and at right angles 
to the setting, to the outside of the house, the distance 
travelled by each charge being reduced to a minimum, 
and under no circumstances does any hot coke or coke 
dust come in contact with any moving parts, these 
being all away from the heat zone. This provision 
ensures a long life for the working parts, and greatly 
facilitates lubrication. 

Two operators are required per shift, one for driving 
the machine, and the other for attending to the mouth- 

jece lids, in a small works it would be quite possible 
- one operator to attend to both. With this system 
there is no coke spilled, and the retort house is always 
clean and tidy, and, as the photographic views, Figs. 7 
and 8, show, the atmosphere is as clear as it possibly can 
be in a retort house. The machines are too new for us 
to be able to record any data concerning their lasting 
qualities. One advantage, however, common to both 
the continuous conveyor and the telpher, is lacking 
here, and that is the depositing of the quenched coke 
on the heap in the yard ; for with the “ Ideal”’ system 
an auxiliary device is necessary to remove the quenched 
coke from the hearth to the heap, the additional 
expense involved for this is, however, insignificant 
when weighed against the many advantages, further- 
more, the quenched coke is so much easier to handle. 
We would suggest the use of a similar machine, also on 
rails in front of the hearth, by means of which the 
quenched coke could be stacked on a stock heap 
parallel with the retort house and of equal length. 

By the courtesy of Mr. J. R. Hill, the manager of the 
Bradford Road Gas Works, of the Manchester Corpora- 
tion, we are able to give an approximate idea of the 
economy effected by the use of this coke-handling 
system at the works under his control, although he has 
not yet been able to go fully into the cost of handling. 
The following figures will give some idea. He is car- 

ising 200 tons of coal per day, and estimates the 
saleable coke at 10 cwt. per ton of coal; this machine 
handles 100 tons day. One man is employed per 
shift, at 108. or 1l., for the two shifts per day. The 
expense ef getting the coke out of the retort house is, 
for manual labour, not including meaty Pye repairs, 
and capital expense, 2-4d. per ton. e consumption 
of current for the whole of the retort house is a xi- 
mately, 160 units per day of 24 hours; Mr. Hill esti-- 








mates that the coal handling and breaking plant 
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consumes 75 per cent. or 120 units of this; the Fiddes 
Aldridge stoking machine takes, approximately, 30 
units, leaving about 10 units for the hot coke conveying, 
which is very low. 





INDUSTRIAL NOTES. 

Tae Glass Industry Interim Industrial Recon- 
struction Committee—formed under the gis of the 
Ministry of Reconstruction, the Board of Trade and 
the Ministry of Labour, of an exact number of repre- 
sentatives of Employers’ Associations and Employees’ 
Unions in every section of the glass industry—learn 
that after the war, Germany will seek to restore her 
credit abroad by a concentration of effort upon the 
export of certain chosen manufactures. Chemicals 
are named as the first of these manufactures, then 
comes glass. 

Before the war, the British glass manufacturer and 
his men had, owing to Germany’s hold, little chance 
of profit or employment. There is now opening in the 
glass trade for investment of capital and for well- 
paid skilled labour. 

The committee want glass manufacture in Great 
Britain to be carried out under conditions that will 
give security and return to capital; security and 
return to brains; and security and substantial wages 
and good conditions of employment to the workers. 
Progress has already been made to put the trade in 
a good position to meet the future. The Society of 
Glass Technology affords a common meeting ground 
for labour, capital, science and technics, and every 
branch of the industry is to be represented on the 
committee and the district councils under it. 

But, according to the committee, this is not enough. 
Germany’s rise has been attributed directly to the 
British policy of the “open door,’ and the glass 
industry fears that this policy may be carried to such 
an extent that the industry may become extinct. On 
this point, the committee add, “ Employers and 
workers think alike. Reform of this condition and 
help during the reconstruction period is not a political 
question but a business proposition. The German 
Government will spare no pains or expense to secure 
return to their virtual monopoly in optical and chemical 
glass, and their commanding position in glass generally, 
because they perceive very truly how that return 
would lead to supremacy in other industries and manu- 
factures. The British glass industry does not intend 
to allow this return if it can helpit. But it asks from 
our rulers some support. It does not ask them -to 
bolster up an inefficient industry so that this may make 
profits at the expense of the nation, but it does ask 
that the industry be given the chance of full develop- 
ment and that a ‘key’ industry be saved from the 
hands of Germany, determined to capture it at all costs 
because it is a‘ key.’”” 





Sir Guy Calthrop, the Coal Controller, addressed a 
meeting on Friday, September 27, at the Board of 
Trade, Coal Mines Department, and stated that gas 
and electric light rations would commence from the 
meter readings to be taken for the period ending last 
Monday. Coal rationing would start from the day the 
householder signed his requisition form, provided it 
was sent in prior to the 3lst inst., after which date 
the belated applications would receive less consideration. 
Sir Guy called attention to the fact that at the present 
time there was less difficulty in supplying onthoatiie 
than any other class of coal, and expressed the wish 
that the use of anthracite be extended as much as 
possible. He was very much afraid that owing to the 
recent railway strike in South Wales some weeks 
would elapse before the effect of the stoppage would 
cease to be felt; in any event there was no hope 
of making up the serious loss of output which had 
ocourred. 

Sir Albert Stanley, President of the Board of Trade, 
and Sir oF Calthrop, addressed, on Sunday last, 
a meeting of about 6,000 coal miners at Hayes Heath, 
the centre of the Cannock Chase colliery district. 
Sir Albert u the owners, managers and the whole 
of the officials in the mines to play their part. He 
asked that all dissension should be laid aside and that 
work be carried out in a spirit of unity to bring the 
war to an end. Sir Guy said that the average output 
in Cannock Chase was 97,000 tena per week; the best 
week recently was 102,000 tons. He wanted the men 
to make it between 115,000 tens and 120,000 tons. 
At the close of the meeting a resolution was passed, 
recognising the need for increased coal output in the 
present crisis, declaring that the shortage was largely 
due to the recent recruitments, urging the necessity 
for a return from the Army of a sufficient number of fit 
miners irrespective of their medical category if the 
desired increase was to be achieved and maintained, 
and pledging the meeting to do everything in its power 
to reduce avoidable a 
highest possible output. 


Mr. W. L. Hichens, chairman of the directors of 





enteeism and maintain the 


Messrs. Cammell, Laird and Co., Limited, speaking 
at a dinner given in his honour on Saturday last, 
by the “‘ Foremen’s Fraternal” of the firm, said that 
the head of a business was not primarily concerned 
with the question of profits. He was there to try to 
keep a ce between the different elements in the 
business. He had to consider the shareholders, but 
he had also to consider two or three other things. He 
had to consider the stability of the business. fe had 
to see that there was enough reserve made so that the 
business would not find itself at the bottom of the sea 
and everybody thrown out of employment in times of 
stress. great anxiety was to see that it was built 
on a solid foundation for the sake of everybody con- 
cerned. He was anxious to have a contented staff of 
employees around him, because be knew perfectly well 
that unless he had the business was bound to fail. 
It was his duty to strike a balance between all, and 
if he did so properly he was criticised by all. The 
shareholders wanted higher dividends and the employees 
higher wages. That was only human nature. But the 
head of a firm had to strike the balance between the 
conficting interests. In doing that one wanted a Jot 
of help, and it was for that reason he welcomed the 
establishment of the Fraternal. 

He hoped that his firm was, one of these days, going 
to stand for a big principle in industry. Business in 
future could rest su ully only on that. If it was 
going to stand only on the sordid basis of profit it 
could not exist in this country or anywhere else. It 
was extremely important that those responsible for 
industry, either on the one side or the other, should 
think out clearly and deliberately what they wanted. 
With this end in view he - at a later date to 
meet them in free and frank discussion of the subject. 
Personally, he believed that foremen and managers 
often a thankless and difficult job in respect of 
some aspects of industry ; but their positions, and the 
spirit they exercised in future administration, would 
count for much in tn gps aay new ideals and 
the new spirit in industry. When addressing a meeting 
of Socialists a little while ago he was met with the 
proposal that foremen should be elected by a vote of 
all the men in a shop. With such a suggestion he 
could not agree; and certainly he would not be an 
elected foreman at any price. Such an individual 
would deserve a lot of pity. Frankly, in his opinion, 
there was a great deal too much loose talk about the 
democratisation of industry. Inside the works some- 
body must say what was to be done, and the other 
man must do it if a business was to be successful ; 
but outside the works all men must be equal, and act 
as one gentleman dealing with another. 





Mr. Hughes, Prime Minister of Australia, s i 
last week at a presentation from the National Federa- 
tion of Trade Unions to Captain O’Grady, M.P., stated 
that when the war was over many months would 
elapse before the Australian troops now fighting in 
France and elsewhere could be got back home. He 
knew all about the trade union standpoint, and did 
not ask them to do anything that was not compatible 
with the spirit of unionism, but to do all they could, 
and in a spirit of brotherhood and admiration for what 
the Australian soldiers had done, to throw open to 
them the gates of opportunity, so that during, say, 
the twelve months they were awaiting their return home, 
they might enter the workshoys of this country, and, 
instead of loafing about, occupy their time usefully to 
themselves, to the country, and to the Empire. It was 
not at all a question of money ; the unions would make 
their own conditions on that point. Fully 75 per cent. 
of the Australian soldiers were either trade unionists 
or the sons of unionists. He did not ask trade unionists 
for preference, but simply that, consistently with 
unionism and the claims of their own soldiers, they 
would allow the Australian soldiers to work in their 
workshops for a short period after the war. 

The general s , Mr. W. A. Appleton, replied 
that, as a federation, they would help the Australian 
soldiers all they could, and he promised to communicate 
in the matter with every union connected with the 
federation. 

The question of reinstating the men from the army 
was also dealt with by Mr. G. H. Roberts, M.P., Minister 
of Labour, at a meeting in Sheffield, last. Monday, 
of chairmen and vice-chairmen of 45 Local Advisory 
Committees in the Yorkshire and East Midlands 
Division. Mr. Roberts said he had recently been 
to the front in France and had told the men of the 
plans which were being entertained for demobilisation 
and of the formation of Local Advisory Committees for 
the purpose. When they returned they would be 
welcomed back by ve fellow-citizens, and 
demobilisation would be carried out speedily, smoothly 
and satisfactorily. Everything would be done to 
expedite the resettlement of the-men in civil life. The 
Ministry had been c to deal not only with the 


rank and file, but also with the officers, and committees 
were now engaged in thrashing out schemes of employ- 





ment and education for these officers. The war had 
brought out many qualities in men of humble origin, 
and these men ought not to be expected to return to 
the comparatively humble itions they occupied 
before the war. What the Ministry wanted was to 
promise the men that as soon as they were released 
employment would be found for them at a rate of 
wages which would maintain them and their families 
in a state of decency and comfort. 





We read in Engineering and Mining Journal, New 
York, that in a suit brought to recover damages for 
injuries to a plaintiff, who was injured from a fall of 
rock in the defendant’s mine while operating a com- 
nang ng drill, after having been ‘assured by a shift 

that the place was safe, it was claimed by the 
defendant that the shift boss and plaintiff were fellow- 
servants within the rule of law sti oo. in many 
jurisdictions, that an employer is not liable for injury 
to an employee, resulting from carelessness of a fellow 
servant, excepting where‘it is shown that by reason of 
known incompetence or habitual negligence of such 
fellow-servant the employer may be found to have 
been negligent in retaining him. But the United 
States Circuit Court of Appeals, Ninth Court, over- 
ruled this claim, holding that the shift boss must be 
regarded as the representative or alter ego of the 
employer, especially in view of an intention to make 
him the arbiter of the safety of working places, mani- 
fested by a rule adopted by defendant mining company, 
to the effect that each miner must assure himself of the 
safety of his working places, notifying the foreman 
or shift boss, if necessary, to remove the danger arising 
from any unsafe condition found. (Anderson versus 
Federal Mining and Smelting Company, 247 Federal 
Reporter, 472.) 





Owing to the strong action taken by Government, 
the strikes of shipwrights on the Clyde and of railway- 
men in South Wales, referred to on page 340 ante, have 
ended, and the men have returned to work. 





The adjourned fourth ordinary general meeting of 
the Mond Nickel Company, Limited, was held in 
London last week, when Mr. Robert Mond, J.P., the 
chairman, said it had become fashionable in the last 
few to designate certain industries as “key 
industries.’’ Personally he had the greatest difficulty 
in finding a suitable definition of a “‘ key industry,” 
but in the acce sense of the word the industry 
carried on by the company was one of those “ key 
industries’? which were of vital importance to this 
country. The use of nickel in its various forms, and 
of copper sulphate for the preservation of our food 
plants, were of the utmost value for the maintenance 
of our country, and he would like to lay stress on the 
advantages accruing from the possession of an important 
refinery of Canadian ores situated in this country. 
Not only did the company employ British labour, but 
by having to carry a large stock of raw and intermediate 
products to ensure uninterrupted work in their establish- 
ments here, they provided a large reserve of those 
essential materials which would safeguard this country 
against any temporary interruption of the regular 
supply from any cause whatsoever. 

He thought it was necessary to utter a word of 
warning against the continued and increasing tendency 
on the part of Government authorities to interfere 
with the management of industrial concerns and to 
put restrictions upon a reasonable freedom of trade. 
Many businesses had, no doubt, sprung up during the 
war whose prosperity was entirely due to the extra- 
ordinary demands and conditions created by the war, 
but this could not be said of the Mond Company, the 
success of which had been assured before hostilities 
commenced. He felt it incumbent upon him, as 
chairman of the company, to draw attention to the 
great and growing danger to British trade of this 
continued Governmental restriction and interference. 
That there was a growing dislike of Government 
control of industry amongst all classes, employers 
and employed alike, was pable to any ordinary 
observer of the trend of public opinion. It had been 
submitted to during the war because people considered 
it was necessary, and because they feared to do any- 
thing which might injure the national cause ; but it 
would be quite 4 different matter if any attempt were 
made to continue control for a moment longer than 
was absolutely necessary. British trade had hitherto 

gressed and held its own against all comers without 
Gowesmaes support or interference, and he was 
convinced it would do so in the future. 





Price of ALUMINIUM.—The Minister of Munitions 
announces that the control price of aluminium ingots 
of 98.per cent. to 99 per cent. purity will. be reduced, 
as from January 1, 1919, from 225/. per ton to 2001. per 
ton, carriage paid to consumers’ works. The price of 
re-melted aluminium scrap and swarf ingots will remain 
asat present, ~~ 
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ON THE COOLING OF STEEL IN INGOT 
AND OTHER FORMS.* 
By J. E. Fiztouer, Dudley. 
(Continued from page 344.) 
EFFECT OF VARIABLE SPEED OF COOLING. 
CAST-IRON, especially if low in total carbon, when cast 


clearly to indicate the p ve steps by which he 
has attacked the problem of the heating and cooling of 
metallic masses will be of service. He has endeavoured 
to eliminate as far as possible the higher mathematics 
involved, though necessarily obliged to base his con- 
clusions on the reasoning of Fourier and later physicists. 
First, the mean rate of cooling is directly proportional 
to the area of the outer cooling surface and inversely to 
the cubic content enclosed by the enveloping cooling 


into typical ingot form, yields very useful results in the | surface 


study of mass influence on the rate of freezing and 
cooling. 

Such iron ingots were cast into iron moulds of various 
thickness, and temperature curves of the heating up of 
the moulds at different points within the mould mass 
were taken. The results of trials in a relatively heavy 
mould are shown in Fig. 7. The mould was 13 in. 
outside diameter with a bore of 5} in. and rested on a 
bed of sand, the bottom of the ingot being thus in contact 
with sand. The temperatures were taken at points 
3 in., 2} in. and 2{ in. from the outside of the mould. 

It will be seen that the curves show a slow heati 


The rate of cooling is seen to be always inversely as 
the diameter, side of square, or face of. polygon, and 
decreases as the ratio of length to diameter or side 
increases. In ingots of similar bye the comparative 
rate of cooling (mean) is shown in column (3) of Table I, 








of the mould during the first minute after casting. In 
other repetitions of the experiment with sand moulds 
as well as with metal moulds this lag is clearly indicated. 
It apparently coincides with the period of freezing of 
the ingot, the internal heat evolved at the moment of 
solidification being absorbed in int ystalli ti 

which appear to affect the rate of heat 
to the mould. It is obviously associated with the 
phenomena observed by Professor Turner in his experi- 





ments on the volumetric changes in cast-iron during 
cooling from the molten state. 

The three curves indicate different velocities of 
temperature rise throughout the mass of the mould, 
as might be expected. The curves do not reach a 
common equilibrium point, due to the coolin 
the air on the mould exterior. It is noticeable that it 
is only when the ingot and mould cool down together 
are J that there is reached, after 1} hours, an approxi- 
mately common temperature. 

The curves show a slackening of s in heating after 
about 3 minutes, the flat portions a b, c d, and e f (Fig. 7) 
being very marked. The same slackening and flattening 
of the heating curves has been noted in the case of ingots 
cast in thinner moulds but at a higher temperature. 
This phenomenon appears to be related to the recalescence 
range in the cooling of the ingot. 

e relationship between the ae 
and the corresponding cooling down o' 
expressed by the equation (1): 


My; x 81 x (T1 — Tz) = Me x Se x (T4 — Ts) 
Heat lost by Ingot. Heat gained by Mould. 
Where M; . Mz = Weight of ingot and mould respec- 


up of the mould 
the ingot can be 


tively. 
8, . 82 = Specific heat of ingot and mould 
respectively. 
T; = Initial mean temperature of ingot. 
T3 = Initial mean temperature of mould. 
T2 = Final mean temperature of ingot. 
T, = Final mean temperature of mould. 


By assuming 8; = 0-17 and Sz = 0-14 (Harker’s experi- 
ments on specific heat), and by assuming Tz and T,4 equal, 
it is possible to arrive at the ratio : 
T; — Te 
ae 

It will be found that the rise in temperature of the 
mould up to the flattening of the curves at ab, cd, and 
e f, if multiplied by the ratio R, will indicate the tempera- 
tures in the ingot corresponding with the slackening 
phenomena. It corresponds with the recalescence range 
at about 700 deg. C., and would appear to suggest that 
the heat evolved during recalescence is absorbed 
internally, and that, further, the external heat flow is 
retarded during this period. This phenomenon is 
noticeable during the heating of steel, and is clearly 
shown in Mr. E. F. Law’s recent paper on the “ Effect 
of Mass on Heat Treatment.” ‘The inflow of heat during 
heating through the Acl range is retarded, such retarda- 
tion being very marked in the central portion of the 
forging under treatment. 

Fig. 15 shows the temperature gradients throughout 
the mass of the mould at periods of 1, 2, 3, 5, 7, 10 and 15 
minutes after casting. e dotted portions of the curves 
are hypothetical, but are probably correct. The velocity 
of heat transfer through the mould contact envelope 
or skin must be much greater than that further within 
the mould mass. The temperature gradient slows down 
*s the mould approaches its equilibrium temperature, 
the values being related to the temperature head, i.e., 
the difference in the temperatures of the ingot zone next 
to the mould surface and that of the mould in contact 
with the ingot. Further experiments are needed to 
decide the precise values of the temperature gradients in 
terms of the temperature head and of the thickness of 
the ingot and of its mould. It is known that the 
temperature gradients in the zone of ingot immediately 
im contact with the mould are proportional to tem- 
perature head, probably to the nth power of the head, 
where the value of n is variable. It has not been found 
possible to define the gradient curve mathematically as 
yet. In any zone the temperature gradient is the fall 
of temperature per inch of thickness, the heat being 
assumed to flow at right angles to the zone. It is 
difficult in the presence of so many variables to define 
the curves, but it is possible to arrive at comparative 


value. The author therefore hopes that an attempt 


* Paper read before the Iron and Steel Institute, on 
Friday, September 13, 1918. 











Taste I. 

R MY Cooli 

=M Form of Ingot - 
Values of Ratio R. Relative ‘Time. 
up 
6 
rT Cube .. 83-33 
6 

| Sphere _ 

: 5 Cube where upperface is not 100-00 
flow outwards ° ae 
Square ingot open, top not 111-00 
cooied 

45 +8 2 diameters long —_ 
4°33 +8 3 diameters long 115-00 
4:25 +8 4 diameters long “a 117-50 
5 +4 Cylinder length equal to 100-00 

diameter 
45 +d 2 diameters long 111-00 
a 4-25 +d 4 diameters long 117-50 
action of 4-125 +d 8 diameters long 120-00 
All open top. 
(1) (2) (3) 








Relative cooling time in column (3) is for ingots of equal weight 
cast in moulds of same weight as ingots themselves. invelo 
cooling surface in square inches. Cubic contents of solid in 
cubic inches. 


From records taken of the rise in Semperature of sand 
and iron moulds, Fig. 9 has been prepared. The 
interesting point brought out is that when the weight 
of the all exceeds twice that of the ingot the increase 








of mould-metal thickness does not further up the 
cooling action materially. The effect of increasing 
Taste II. 
‘ 7 
ls , 4 cE 
| : = 
sgl?| 2 | 3 eg mo 
Sulsi 2] = | wa |] | $08 
2 we s R ee #35 
ge); 5) & 2 | §s| ek 
sle| 6] 3 3 | 8 ef a 
4 = = a 
Fie) & & 8*| S86 
in. in. min. 
1-0 10 2-25 1-17 | 830 31 
1-5 10 3-10 1-76 | 663 23 
Iron 2-0 10 3-90 2-35 | 557 19 
mould 3-0 10 5-30 3-52 | 425 14 
4-0 10 6-50 4-69 | 356 ll 
8-0 10 9-75 9-38 | 213 6 
1-0 10 -50 2-73 | 504 225 
1°5 10 8°35 4-09 | 383 160 
Sand 2-0 10 10-50 5-46 | 313 130 
mould 3-0 10 10-60 8-18 | 235 92 
4-0 10 16-30 10-92 | 185 67 
8-0 10 24°75 21-84 | 124 37 
16-0 10 36°75 43-68 88 19 























In ratio (f F is fall in temperature (mean) of ingot. 
R/ Bis rise in temperature (mean) of mould. 


the mould thickness in chilling or cooling the ingot or 
casting is greatest when the ratio of mould thickness 
to that of the casting or radius of ingot is below 0:25 
in metal moulds and below 1-0 in sand moulds. In the 
latter the rate of cooling diminishes progressively as the 
thickness of the sand mould exceeds twice that of the 
steel casting. When the mould thickness (sand) exceeds 
eight times that of the casting any further chilling action 
is negligible. The practical use of the above investigation 
is obvious. It can be proved therefrom that a cast-iron 
chill half the ingot weight cast therein cannot stand, 
the temperature of the inner surface reaching the melting- 
point of cast-iron. 

Again, the foregoing estimations and deductions only 
refer to mean temperature gradients, hence it is further 

ry to investigate more closely the change in the 
gradient which gradually occurs between the outer 
surface and the axis of the ingot mass, 

Taking first the case of the cooling of a spherical mass 
within a mould. The gradients are computed by con- 
ceiving the sphere to be built up of concentric hollow 
spheres surrounding a centre sphere, each hollow and 
centre sphere being of equal mass. 





with the mould, and there is a fall in temperature 

throughout the mass of the outer hollow sphere. The 
ing inner sp is led b tact with 

outer sphere, and so on until the central nucleus is 





ecreases in each of the hollow spheres as the centre is 
approached, the fall in temperature in each of the zones 





being directly proportional to the ratio C/M, where C is 
the aa. and M is the mass or weight of the 
concentric hollow sphere or spherical nucleus. The fall 


The surface of the outer sphere is cooled by contact |. 


4 “ . - reachéd. The ratio of cooling surface to volume. 
results, which may have not only interesting but practical | d 


in temperature in each zone divided by the thickness of 
the zone is the temperature gradient, which is the index 
tothe speed of cooling. By assuming zones infinitely 
thin the curve of temperature gradient can be mathe- 
matically determined. It is sufficient to state that the 
temperature ient does form a continuously falling 
curve from the outer surface to the core of the sphere, 


as plotted in Fig. 10. A similar study of the > gpa 
cooli a mass within a hollow cube mould shows 
that curve of te rature gradients from the centre 


of each face inwards is the same as that of the inscribed 
sphere. The corners and of such a cube cool more 
— than the faces, and this can be shown by a con- 
ideration of the elementary Fig. 11 (a), where a cube 
is divided into 27 smaller cubes. e mean rate of 
covling is proportional to : 

6 x 8 54 

‘= 57 = 2, where 8 = 3. 


The centre of each face has the cooling ratio of 1, 
the 8 corner cubes have the cooling ratio 3, and the 
12 cubes the ratio 2, whilst the central “* kernel "’ 
cube has R= O. The mean ratio of the 27 cubes is 
therefore : 


8 corner cubes R 3 24 
l2edge cubes R2 24 
6facecubes Ri 6 
l nucleus cube RO 0 


27 


F 54 
54 Mean ratio R = g7 = 2. 


Again, assume the elementary cube to be built up of 
a number of concentric hollow cubes surrounding a 
centre cube, each zone being of the same volume. 
outer cooling surface of each hollow cube acts upon 
the mass within it, the fall of temperature being : 
portional to the ratio C/M, where C = outer cooling 
surface of the hollow sphere and M = mass of same, 
as in the case of the sphere already considered. The 
temperature fall in each hollow cube (normal to the 
faces) divided by the thickness of the wall is the tempera- 
ture gradient and the index to the rate of cooling. 

The successive temperature gradients from the outside 
to the centre of the cube form a curve which is i 
determinate. It is the same curve as that of the sphere 
of diameter equal to the side of the cube, Fig. 10. 
Further, following the same method of determination, 
the curve of temperature gradients can be fixed for the 
succession of cubes running diagonally from the edges 
of the outer hollow cube to the “ kernel’’ cube (see 
Fig. 11 (a)), each of which has the coo ratio R = 2. 
This curve is found to be the continuation of the one 
first determined, viz., that running from the centre of 
the faces to the centre of the main cube. The con- 
tinuation portion of the curve increases in steepness as 
it approaches the outer cooling edge. ain and 
similarly the curve of gradients can be found for the 
succession of cubes running diagonally from corner to 
corner of the main cube, each of which has the cooli 
ratio R = 3 (see Fig. 11 (6)). This curve thus fou 
is the continuation of the curve passing from the nucleus 
to the edges, the gradient becoming steeper as the corner 
is approached. 

Fig. 11 (c) shows the combination of the three curves, 
and is practically useful in illustrating the fact that the 

rogressive freezing and ling of a sq ingot at its 
p 6 beuniaghev> within a semi-cube, the 


peadbacdhn yt ateyh pe ting + 
3 of which are cooling at a more ra 
fa iy wnllen 





corners and 
rate than the faces. This, of course, is rou 
stood in practice, but it has not previousl 
that the rates of cooling follow readily 
continuous curves. 

The lines of most rapid freezing and cooling therefore 

follow the — of steepest temperature oniliente, and 
these are the bisecting planes of the mould sides and 
those bisecting the base angles and constituting the bage 
cone or pyramid first referred to by the author in a paper 
on the “Influence of Gases in Iron and Steel,” read 
before the Staffordshire Institute in 1907, and since 
referred to by Messrs. H. and W. Brearley in their paper 
on “Steel Ingots” in 1916. In Table I it has been 
shown that the relative rate of freezing of long ingots 
is slower than that of short ones, the influence of the base 
chilling being greater the shorter the ingot. Hence the 
cooling of the central and upper portions of a long ingot 
is —: slower than at the base, especially in bottom-run 
ingots, where the steel becomes gradually cooler as it 
rises in the mould. The temperature head then decreases 
continuously, and simultaneously the temperature 
gradients slow down as the upper portions of the mould 
are approached. 
From actual determinations of the temperature 
gradients in cast-iron blocks cast in iron moulds arrived 
at from temperature rise readings at time intervals, it 
has been — to deduce certain valuable basis 
8, useful in the plotting of the probable isotherms 
within cooling masses, such as ingots. 

Thus the heat absorbed by the cooling surface of a 
5-5-in, ingot mould 13 in. outside diameter directly 
following the casting of the iron ingot was as under :— 


n shown 
efinable and 


(1) Time of casting and 4 minutes after. 
Temperature rise per minute, 33 deg. C. 
(2) 4 minutes to 12 minutes after — 
Temperature rise per minute, 17 deg. C. 
(3) 12 minutes to 20 minutes after casting. 
Temperature rise per minute, 3 deg, C. 


The heat calories absorbed per re inch of mould 


cooling surface in contact with the ingot was in 
1, 2, and 3, 3-50 calories, 1-75 calories, and 0-30 calory 
per minute respectively. 
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examples, and it is believed that the main features of the 
diagrams are correct. 
for the latent heat of fusion of steel the infh 


In the absence of correct values 


in heavy moulds and slowly teemed, with hot tops. 
The effect of rapid cooling of the base, corners and 





of 
such has had to be ignored. The result of such a 
correction would be to slow down the rate of cooling 


gether with the augmenting influence thereon of the 
liquid pressure head, is to round off the corners of the 
progressively freezing envelopes, this result being most 
marked in the case of small ingots cast in 

heavy chill moulds, 
The base freezing is perhaps best followed 
in the study of the behaviour of an n 





. Tu, b ope 
OS ames a wes sand plate whilst coo! from the liquid 
vee. * state. Such a square plate, for example, 
op 
/ Z freezes first at the corners where, the 
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Teemed in 4 mins. 


Ingots 12°Sq. 
Tapering to 10°Sq. 
along 


\ vice that‘of ingot. 


occluded gases being ejected into the ad- 
jacent oak central liquid portions, there is 
considerable shrinkage or contraction. The 
rate of freezing at the corners, edges and 
flat surfaces of a square plate is in the 
proportion of 3, 2 and 1 respectively, and 
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somewhat, the thickness of the envelopes would be slightly 

ess per unit of cooling time than those shown. It is 
certain that the results obtained are comparative. 
With larger ingots the rate of cooling can be foreseen, 
it being recognised that this is inversely as the diameter 
and the mean thickness of the frozen envelope per unit 
of time will be proportional to the rate of teeming in the 
case of ingots whose moulds are of weight bearing a 
constant ratio to that of the ingot. The influence of 
slow teeming in moulds wide end uppermost is also 
indicated in Fig. 12. Here the envelope thickens rapidly 
in the lower portion and is thus strong to resist the 
internal liquid bursting pressure which in rapidly- 
teemed ingots in top cast moulds with wide end bottom 
18 sufficient to burst the skin and to cause the surface 
defects pointed out by Mr. Kilby in his recent rr on 
ingot defects. Time teeming and the ——~ J of slow 
pourmg in comparatively heavy moulds has long been 
practised abroad and in some works es the 
ee need for it is only now bei merally under- 
stent, y ng ge y 


The isotherms shown in Fig. 12 and the remarks 
made on edge, base and corner freezing lead to the 
conclusion that Messrs. Brearley’s concentric freezing 
diagrams are not quite correct, the}true form of the 
freezing envelopes _~ = more approximately that of 
M. Harmet, especially in the case of smaller ingots cast 
























the skin, cracks following the line of weakness k k 


in Fig. 13, where the thickness of the frozen skin is 
insufficient to resist the liquid pressure. This trouble is 
often seen in the base surfaces of ingots teemed too 
rapidly, and where bottom pouring the centre 
of the base more or less fluid, or at least but thinly frozen 
round the runner brick area until the entire ingot is cast. 

From the foregoing considerations it is evident that 
the rate of freezing in each of the concentric zones of an 
ingot as represented in the isotherm diagram, Fig. 12, is 
proportional to the temperature gradient crossing that 
zone, which gradient is again the measure of the volu- 
metric contraction therein. As the occluded gas content 
in each concentric zone is relatively greater as the ingot 
axis is approached, the gas escaping to the “pipe” 
region accounts for the greater shrinkage in the,central 
+ axial zone. Indeed, if bares gases ete rer 

ypothetical horizontal layers of progressively freezing 
metal be assumed to rise from the axial centre into the 
next higher layer, and so on until the ingot is completely 
frozen, the final volume of the pipe 
estimated as a sphere, which becomes finally deformed 
into the usual inverted cone form. 

This phenomenon is often illustrated in the gas bubbles 
which ome entrapped between the outer envel 
and the axis of unsound ingots. The initially spherical 
bubble as it travels inwards into the more mobile molten 


steel a ea thet = ee teasing 5 attenuated and 
pear " e ing. It grows in volumeas 
it reaches the axis by coalescing with other bubbles on 
oS a Such wok strongly appear to suggest the 
reason for a 


the usual shape of ingot “ pipe. 
Harmet compressed _ when compression has 
accidentally been before complete freezi 


occurred, perfectly 
prove that the so-ca cavity or “ pipe” 
is filled, and in the co’ process attains such 

igh internal pressure as often violently to burst through 
and escape to the upper surface, Fig. 18.* 

The influence of varying thicknesses of mould on the 
position of the “pipe,” segregate zone, and blowhole 
contours is further shown in Fig. 4, page 343 ante, which 
is a useful commentary on much that has been con- 
tended diag has been carefully prepared from 
the actual fractured ingots of nickel-chrome steel. 


te the above 
lied i 








can be roughly | of 





sof: hint is shown di matically in Fig. 13. The 
a4 : SW 7 pressure of the superincumbent liquid steel TEMPERATURE GRADIENTS AND CONTRACTION. 
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equal area had a temperature fall in each ring as 
under :— 


Outer ring 810 deg. C., or 27-7 deg. per 


inch of mean circumference 


7 of =~ ring. ie 

25 deg. C., or 25-2 . per 
inch of mean circumference 
of the ring. 

389 deg. C., or 20 deg. per 
inch of mean circumference 
of the ring. 

118 deg. C., or 10-8 deg. per 
inch of mean circumference 
of the ring. 

This plainly indicates that the coefficient of contraction 
at the outside of the ingot is nearly twice that at a point 
midway between the axis and the circumference, that is, 
assu deformation per degree of temperature 
fall to be constant. But it is known that the coefficient 
expansion or contraction rises with the temperature, 
just as might be conceived to be the case were the 
expansion or contraction due to the volumetric expansion 
or shrinkage of occluded gas. The estimated shrinkage 


Second ring 
Third ring 


Inner ring 


lope | on this supposition, viz., that shrinkage or contraction 





* This figure will be given in @ later issue. 
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is proportional to the occluded gas shrinkage (the 
estimated composition of steel at 1,500 deg. C. being 
94-2 per cent. metal plus 5-8 per cent. of occluded gases 
by weight) is approximately proportional in each ring 
to the fall in temperature therein, per inch of mean 
circumference. Table III indicates that the contraction 
rate is Pry eeohaded’ very closely, to the shrinkage of 
Ss. 

















the coo occluded gase: 
Taste III. 
Fall in Temperature in Rings. 
Outer. | Intermediate. | Inner. ae 
i. ° | 2. | 3. | 4. 





a) 810° 626° 389° 118° — in each 


ng. 

(6) 27-7° | 25-2° | 20-0° | 10-8° | Do. per inch of mean cir- 
cumference of each ring. 

(c) 3-8 3-4 3-0 2-5 


traction in each ue 
to occluded gas shri 
i reentages of initial 


in 

bulk of molten ingot. 
(d)27-7 25-3 21-6 18-4 Values in line (c) x 7-3 for 
comparison with line (0). 

















In the inner ring the value of the temperature fall is not 
correct, owing to an insufficient number of rings being 
taken. By taking a large number of thin rings the 
plotted curve of temperature fall will closely follow 
the theoretical one as mathematically determined. 
It is clearly evident that there is something in the con- 
tention advanced. The estimated differential con- 
traction (or expansion) when heating, based on the 
contraction (or expansion) of occluded gases, is one 
explanation of the phenomenon of the increase of the 
coefficient of eg with rise of temperature in metals 
and slags which in the liquid state occlude gases. It 
has been shown that when the temperature gradients 
in an ingot and its mould,are in equilibrium, ¢.e., when 
in the equation (1), page 371 : 


M; x & x (Ty — Tz) = Meg x 82 x (Ts — Ts) 


the values of Tz and T, are equal (mean temperatures of 
ingot and mould), then the gradient in any zone or rin 

of ingot section is proportional to the coefficient o 

contraction in that zone or ring. 

At first sight it would appear that in the outer ring 
the contraction is greatest, suggesting abnormal tension 
in the outer envelope of the ingot. ‘The shrinkage of the 
occluded gases in the metal, however, may relieve the 
tensional strains in the outer layers of metal. 

During the earliest moments of the cooling action 
within the mould when the temperature head is greatest, 
the temperature gradient is much steeper than at the 
moment of equilibrium when the mean temperature of 
the ingot and mould are alike. Hence it is reasonable 
to infer that there must be abnormal contraction during 
the brief period following the complete solidification 
of the ingot. 

In this connection Fig. 15 (a) illustrates the different 
er gradients at various times after casting 
in the case of the cast-iron ingot, and Fig. 15 (b) those 
taken from Mr. E. F. Law’s heating curves (experiments 
on the ——- of 18-in. steel eunesh, It has already 
been shown that the corners and of polygonal 
ingots have steeper temperature ients than have 
the sides or faces. 

There must therefore be considerable tensional strains 
set up at these corners and edges, an explanation of the 
rupture during the rapid heating of cold ingots, particu- 
larly if of high-carbon steel, in hot furnaces, whereby not 
infrequently the corners of ingots burst and fall off, 
fracturing along a path, conchoidal in form, which 
follows the outer curves of freezing at the ingot corners 
shown in Fig. 12. 

The steep temperature gradients occurring in metal 
and other masses during drastic heating and cooling 
affect a wide area of practice. For example, the kilning 
of sharp-edged firebricks produces weakening effects 
at the edges and corners, rendering them brittle and 
liable to spall and fracture. In arch bricks this is a 
more serious matter than would at first sight appear, 
for the general rough character of the furnace builder's 
work throws severe strains on the flame contact face of 
the brick, in consequence of which the corners and ed: 
very early become fractured, the fractured surfaces laying 
open the capillaries and hence leading to rapid wear 
through ferrous oxide penetration. 

The author has proposed the rounding of the edges 
and corners of such arch bricks at the inner surfaces, 
with a view to securing a better moulded and burnt 
surface and to obviate the con mon spalling trouble. 
The arch thrust is thrown farther back behind the flame 
contact surfaces, and considerable saving is effected 
in the breakages common to handling aad during the 
expansion thrust. A patent embodyi these con- 
siderations has been applied for. The old Swedish 
method of casting ingots with the small end down and 
with the base end well rounded is obviously correct in 
principle, and is a practical and truly scien’ mode of 
overcoming the tensile strains inseparable from square- 
based, sharp-cornered ingots. 

Roference to the temperature gradient curves in 
~~ 15 emphasises the fact that the freezing of the first 
thin envelope is rapid, though the thickening of the 
envelope proceeds slowly afterwards, It may safely 
be assu that the liquid pressure in the upper part of 
a hot-topped ingot cast with wide end up is sufficient 





to keep the upper portion of the envelope (thin because 
of the slow rate of cooling there) in contact with the 
mould. The lower and thicker part of the envelope is 
attempting to contract in the direction of the feedi 
head whilst the upper portion is held fast in the mould, 
with the inevitable result of surface tearing. An illus- 
tration of this trouble has come before the author’s 
notice within the past few weeks where such ingots have 
cracks horizontally running round the upper exds about 
a foot from the top, the hot cracks averaging 0-3 in. 
to 0-4 in. deep. The author has made an attempt to 
determine the proper taper of such ingots, bearing in 
mind the phenomena described. 

In an ingot, say 24 in. square at top and 6 ft. long in 
the chilled part, the contraction up to the moment of 
stripping may be taken at 0-15 in. per foot linear. 
iy ey the solidification of the ingot upper portion is 
at rate of one-tenth that of the lower, then the 
contraction at top will be 0-015 in. per foot, or 0-015 in. 
per side. The lengthwise contraction will be 6 x 0-15 
= 0-9in. The top of the ingot should therefore be able 
to fall in the m 0-9 in. during a top shrinkage of 


0-015 in. per side. The ratio “ae is the maximum 


taper allowable, or 1 in. in 5 ft., per side. This can only 
be taken as a rough estimate, but is given as an indication 
of the method whereby the correct taper can be adduced 
from actual contractional measurements on ingots whilst 
setting in the moulds, though from experience the author 
knows this to be a hot job. 

The influence of the simultaneous expansion of the 
mould should not be ignored, the linear expansion of the 
mould being roughly one-fourth that of the ingot con- 
traction per foot, assisting the downslip of the con- 
tracting ingot. The fact that the isotherms in a cooling 
taper ingot of the form under consideration are curves 
of the form shown in Fig. 12, leads one to the conclusion 
that the correct form of the lower portion of the ingot 
cast wide end up should follow the contours of the outer 
isotherms. Bearing in mind the liability to top grip, 
the upper foot or so of the mould cre be approxi- 
mately parallel-sided or of very slow taper. Such an 
ingot form, as drawn in Fig. 16, is the result of the fore- 
going reasoning, and would tend to maintain more 
continuous contact with the mould than does the usual 
straight line contoured ingot. The intermittent jumps 
by which the —_ under Harmet compression rises in 
the mould would appear to prove that contraction does 
not proceed in accordance with a straight line curve, 
if such an expression may be permitted. 

It is obvious that to ensure the best results the top of 
the mould should be thick enough to yield a thick 
envelope directly under the hot top, whose function is 
to keep the axial portions of the ingot top hot and liquid. 
The conditions there are antagonistic, but the practical 
results to be aimed at are clear. 

In considering the problem of perfect ingot skin 
surfaces it is necessary to bear in mind the fact that the 
actual crystalline structure of carbon steels at tempera- 
tures in excess of 1,150 deg. C. is unknown, but it is 
known that the crystalline boundaries can be fused at 
about such a temperature (Standsfield), and though it 
is heterodox to suggest that there may be a formation of 
eutectic 4-3 per cent. carbon colonies at the boundaries 
at such temperature, there is much practically to favour 
the view. What other constituent would be dikely to 
fuse at 1,150deg.C.? The fact remains that above such 
temperature steel is very weak in an intercohesional or 
intercrystalline sense, as is ially demonstrated when 
attempting to extrude or die draw it at temperatures 
above 1,100 deg. C. The same weakness must prevail 
when an ingot is cooling from the molten to 1,100 deg. C., 
and it is clear that any process which tends to keep the 
metal in contact with the mould continuously and which 
promotes rapid freezing of the envelope, especially in the 
regions which are otherwise liable to skin fracture 
through bursting or irregular contraction, are to be 


welcomed. 
(To be continued.) 








SHaneuar Dock aND ENGINEERING CoMPANY.— 
According to The London and China Telegraph, there 
were 20,216 shares represented at the twelfth annual 

neral meeting of the Shanghai Dock and Engineering 

ompany, Limited, which was held at the company’s 
offices, Broadway. Mr. John Prentice presided. In the 
course of his s h he said: We are still suffering from 
difficulties and delay in procuring and getting delivery of 
materials, and, therefore, the completion of work has 
been and is still being very much retarded. During the 
year we delivered three steamers of a deadweight capacit 
of about 6,500 tons, and other of about 3,100 tons wi 
be delivered shortly. We have also carried out a la 
amount of repair and renewal work. We consider the 
result of the year’s working very satisfactory, and this is 
entirely due to the increased amount of work done, 
and we had capacity for doing much more, had 
materials been procurable. The amount transferred from 
ral working account shows an increase of nearly 

6 per cent. over that of last year, which showed an 
increase of nearly 45 per cent. over the previous one. 
The net profit for the year, including the amount brought 
forward from last year, after paying all charges and 
allowing for all known liabilities,amounts to 1,154,142-72 
taels, which we recommend should be dealt with as 
follows :—Pay a dividend of 14 taels per share, 772,800 
taels ; place to special reserve fund, 240,000 taels; place 
to depreciation fund, 70,000 taels; carry forward to 
mew account, 70,742 taels. The report and the recom- 
mendations were adopted. The sum of 1,900]. was 
donated to the Sailors’ War Orphans’ Fund. Messrs. 
R. .8. F. McBain and John Johnstone were re-elected 





directors of the company. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

John Brown and Co.—At the annual meeting of 
John Brown and Co., Lord Aberconway anounced 
that in order to secure additional share capital the 
directors proposed to increase the company’s capital 
by 1,000,000/., and of that to issue 500,000J. to the 
shareholders during the coming autumn, These shares 
would be issued at the price of 30s. per 1/. share, and 
the directors would endeavour to let them out at the 
rate approximately of one new share for every four shares 
held. ferring to the output of steel, he said he could 
not give them tonnage figures b their product 
in Sheffield were of very special character; their steel 
was of very high quality, and mere statements of tonnage 
would carry very little weight. ‘Two important develop- 
ments of the firm, however, he would like to mention. 
At Scunthorpe they had completed works for steel 
castil to meet requirements for which they lacked 
room in Sheffield ; while jointly with the Darlington 
Forge they had acquired the Carnthorpe Hematite Iron 
concern, so as to ensure a supply of this indispensable 
product, of which the available sources were limited. 





Vickers, Limited.—In their annual report the directors 
of Vickers, Limited, announced a further increase in the 
company’s capital in ordinary shares to 12,000,000/. 
It is propose, subject to Treasury’s consent being 
obtained, to issue 1,850,000/. new shares at 30s., offering 
these to the present shareholders at the rate of one share 
for every three now held. The directors state that 
after four years of war the company now finds itself 
with an enormously increased plant largely suitable 
for war material only, and very extensive workshops. 
They have a peace programme under the most careful 
consideration, and have made extensive preparations. 
Tt is clear, however, that much expenditure will have 
to be incurred in the replacement of machines suitable 
for war purposes only, and in carrying higher proportion 
of stocks and working progress that peace trades require. 


Iron and Steel——A more buoyant tone characterises 
business circles generally in the city. The important 
successes on both Western and Eastern tronts are 
turning the attention of firms more and more towards 
their peace programmes, and extensive preparations are 
being made for the disestablishment of war plant, and 
the replacement of machines suitable only for munition 
purposes, In the meantime the enormous output of 
acid and basic steel for munitions continues. Open- 
hearth furnaces in increasing numbers are pouring forth 
material for shell and guns, while apart from these 
requirements, innumerable tirms, recruited from every 
branch of trade, are engaged on the production of 
material for the aircratt and tanks which are making 
such a notable impression in France and Flanders. 
There is a rapidly increasing pee gy for twist drills 
and all kinds of engineers’ small tools, in the production 
of which, owing to severe “ combing-out,” there is great 
scarcity of labour. This demand, it is anticipated, will 
be greatly increased in the future by heavy specifications 
from the American Army, and although many girls have 
been trained to the work, the return of a proportion of 
the skilled men to the trade is absolutely essential, if the 
future of this branch is not to be seriously handicapped. 


South Yorkshire Coal Trade.—There is but little change 
of note in the position of the South Yorkshire market. 
The marked scarcity of all classes of fuel continues, 
though the past month has shown indications of a 
entihactery increase in the output as compared with 
July and August. Deliveries, however, are of a restricted 
character so far as home needs are concerned, A large 
tonnage is earmarked for Admiralty purposes and for 
export to allied countries; in several instances this 
forms the greater part of the production at important 
collieries. The requirements of munition works also 
remain heavy. In house coal'the demand is an ever- 
increasing one, and merchants are blocked with orders 
which they find it impossible to execute for some time 
tocome, The metropolitan requirements have rendered 
it difficult adequately to supply outside districts. The 

ressure for slacks continues and the demand for blast- 
urnace coke is ——e strong. Best branch 
handpicked, 278. to 28s. ; rnsley best Silkstone, 
278. to 27s. 6d.; Derbyshire best brights, 25s. to 26e. ; 
Derbyshire house coal, 22s. 6d. to 238. 6d.; best large 
nuts, 228. 6d. to 23s. 6d. ; small nuts, 21s. 6d. to 22s. 6d. ; 
Yorkshire hards, 22s. 6d. to 23s. 6d. ; Derbyshire hards, 
21s. 9d. to 228, 9d. ; best slacks, 188. to 19s. 6d. ; seconds, 
16s. to 188. ; smalls, 13s. to 14s. 





Prrsonat.—The B. and 8. Company, Bristol, the 
original and sole makers of the ‘‘ Kleensurface”’ high- 
speed steel protective hardening compound, have dec led 
to withdraw the sole selling agency for the distribution 
of this compound, and to establish district agencies 
directly under their own control. In the meantime all 
inquiries should be addressed to the B. and 8. Company, 
Engineers, Toolmakers, Precision Works, Colston- 
street, Bristol. 





Naval Perry Orricers.—A new Admiralty Order 
affecting the petty officers of the seaman, signal, tele- 
graphist, sailmaker and stoker branches, provides that 
all time over eight years as petty officer, subsequent to 
June 30, 1918, shall count as chief petty officer time for 
pension, provided the men are recommended for advance- 
ment to that rating, and that it shall count also for 
increase of pay on their becoming chief petty officers. 
This arrangement is subject to  conaidesnsion after 
the war. 











Oct. 4, 1918.] 


ENGINEERING. 


375 








NOTES FROM THE NORTH. 
Grascow, Wednesday. 

Scotch Steel Trade.—The fact that the Mini of 
Munitions had sanctioned the observance of the autumn 
holiday on Monday by the industrial workers in the 
Glasgow area was signalised by a noticeable speeding-up 
of output at the latter end of the week, consequently the 
outlook is brighter than it was eight days ago. While 
the bulk of the steel at present being produced is that 
required for shipyard work, steel in large quantities for 
the many other Government jobs now on hand is greatly 
requisitioned. High tensile steel for shell bars is a 
steady demand, although, meantime, ship plates, both 
for new and repair work, top the list. Some export is 
now being sanctioned, but mainly, of course, to allied 
countries for war purposes, directly or indirectly. Where 
not fixed, prices are steady and likely to rise even higher 
than some of the “‘record’’ rates recently touched, 
All over the activity is undiminished. 


Scotch Pig-Iron Trade.—The insufficiency of the 
available supply of pig-iron to meet the wants of con- 
sumers is giving rise to some considerable anxiety, 
and this despite the smelters’ present extensive output. 
So greatly, indeed, are steelmakers clamouring for 
deliveries of hematite that in many cases this is having 
to be artificially cooled at the producing works in order 
to get it out of hands as speedily as possible. Then, 
after the local demands are met, there is practically 
nothing to spare for overseas consumers, no matter 
what their necessity, unless Government can be persuaded 
to release a few tons for one or other of the Allies with 
some specially urgent work on hand, In pre-war times 
the export of a pe of all grades was such a particularly 
heavy item, and such a money-making matter, that the 
present condition seems all the more abnormal. Prices, 
while steady and firm, may rise—there is not much 
chance of a fall for some time to come. 


Shipyard Extension in Greenock.—The shipyard 
extension at present being promoted by Messrs. Caird 
and Co. (Harland and Wolff), Greenock, looks like being 
a proceeding of such considerable magnitude that a 
sub-committee of Greenock Corporation has made 
sundry suggestions regarding the building of suitable 
accommodation for the workers likely to be employed 
in the new premises in the near future, and in addition 
has prepared tentative plans for the widening of certain 
streets, for the building of others,- and abe for the 
extending of the existing tramway system to meet the 
expected requirements. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Local Markets.—There has been a marked improve- 
ment in the general situation of the South Wales coal 
markets this week. To a very great extent the disloca- 
tion occasioned by the recent railway strike has been 
overcome, though the effects of it are still being felt, 
and the loss in outputs consequent upon enforced 
stoppages of many collieries cannot really be made up. 
The export trade is brisk, but supplies are being absorbed 
on official and Allied accounts. Very little coal, there- 
fore, is released for private trading, and owing to pressure 
of shipment on official account in requisitioned tonnage, 
several collieries are finding it impossible to meet the 
requirements of merchants. Small coals are taken up 
more extensively and the glut is not so great as has 
recently been the case. The inland demand is strong 
and deliveries here are heavily in arrears, particularly 
for household purposes. There is an abubiins supply 
of pitwood, and it is suggested that the cutting of timber 
in home woods is now being overdone. 


Newport.—There is an active export demand for 
Monmouthshire coals. Eastern or Western Valleys are 
the relatively easier qualities. Smalls are in good 
limited demand, but the lower grades are still weak. 


Colliery Examiners’ W ages.—After protracted negotia- 
tions an agreement has now been entered into between 
the colliery owners and the South Wales Colliery Ex- 
aminers’ Association. The new agreement, which was 
signed yesterday by both parties, sets forth the rates 
of wages and general conditions of emplo mt, and it 
is to be retrospective to September 2. Sos adaiae 
wages are fi at 41. 8s. per week plus war wage for 
six days, making a total of 5/1. 8s. with ll. ls. extra 
for Sunday work. It is further stipulated that where the 
examiners are at present receiving higher rates of wages 
than those specified these should continue to be paid. 


Regulating Coal Supplies.—It will be remembered 
that some time ago an appeal was made to the Coal 
Controller to exempt the South Wales coalfield from the 
strict operation of the Fuel and Light Order. Sir Guy 
Calthrop has now, in effect, conceded the application 
and has approved of the scheme which has beer in 
eperation in that area for the past 2} years, and yesterday 
Mr. Finlay A. Gibson, the secretary of the District Coal 
and Coke Supplies Committee for South Wales and 
Monmouthshire, issued a circular giving details of the 
scheme which takes the force of an Order. 
feature of the new Order is a reduction in the quantities 
to be supplied by collieries and merchants for inland 
consumption as compared with last year. It is laid 
down, inter alia, that all colliery companies in the South 
Wales and Monmouthshire district must supply the 
same merchants with the quantity of house coal in 
October, 1918, as they supplied in October, 1917, less 
30 per cent. ; in November, 1918, as in November, 1917, 
less 30 per cent. ; and in December, 1918, as in December, 
1917, less 30 percent. Every coal merchant must supply 
for retail purposes, ¢.e., to basketmen and coal hawkers, 
the same quantity in October, 1918, as was supplied in 
October, 1917, less 15 per cent.; in November, 1918, 





asin November, 1917, less 15 percent. ; and in December, 
1918, asin December, 1917, less 12} percent. Merchants 
must, as far as possible, supply im October, 1918, the same 
householders as they supplied in October, 1917; in 
November, 1918, the same as in November, 1917; and 
in December, 1918, the same as in December, 1917. 
There are, further regulations making the important 
provision that if the coal produced at the collieries is 
more than is required for shipment, then the amouut 
supplied by the collieries, hants and retai may 
be increased, and this gives that elasticity to the scheme 
which the South Wales coalowners desired. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There is little new of 
moment ascertainable concerning Cleveland pig-iron, 
As was anticipated cancellation of unfultilled contracts 
for foundry iron under the September allocations were 
unusually heavy, and with supply of foundry iron still 
short little improvement during the present month can 
be looked for. October allocations are being issued 
fairly freely, but makers show no disposition to commit 
themselves heavily. Some producers have stocks of 
No. 3, but they are unable to obtain labour to lift it, 
and the truck shortage continues another obstacle to 
distribution. Lack of foundry iron, however, is chiefly 
due to the unsatisfactory working of furnaces, and the 
consequent large proportion of output of inferior iron 
in place of better kinds. Thus forge pig-iron is very 
lentiful, and wherever this quality can be used no 
ifficulty is experienced in arranging supplies. The 
tonnage available for shipment of Cleveland pig-iron 
to the Allies is satisfactory. For home consumption, 
No. 3 Cleveland pig-iron, No. 4 foundry, and No. 4 forge 
all stand at 95s., and No. 1 is 99s.; and for export to 
France and Italy, No. 3 and the lower qualities are 
1228, 9d. and No. 1 is 127s. 9d. 


Manufactured Iron and Steel.—In the finished iron 
and steel trades pressure for delivery is unceasing. 
Heavy claims for shipbuilding material are for the time 
being delaying deliveries of some other orders. Principa: 
market quotations stand :—Commoniron bars, 141. 15s. ; 
best bars, 15/. 158.; best best bars, 16/. 15s.; best 
best best bars, 17/. 15s.; iron ship plates, 15. 10s. ; 
iron ship angles, 13/. 17s. 6d.: iron ship rivets, 211. ; 
steel ship plates, 11/. 10s. ; steel ship angles, 111. 28, 6d. ; 
steel boiler plates, 12/. 10s. ; steel strip, 171. 108. ; steel 
hoops, 18/.; and heavy steel rails, 107. 178. 6d.—all 
f.o.b. at makers’ works. Though export prices are not 
fixed, they may be given as approximately 40s. above 
home quotations. 


Shipments of Iron and Steel.—The total clearances last 
month were returned at 36,317 tons, composed of 
29,579 tons of pig-iron, 1,160 tons of manufactured iron, 
and 5,578 tons of steel, compared with the August total 
of 65,484 tons, composed of 48,593 tons of pig-iron, 
589 tons of manufactured iron, and 16,302 tons of steel. 
Clearances of pig-iron to foreign ports last month were 
down nearly 50 per cent., being only 22,813 tons as 

ainst 41,712 tons in August; whilst only 5,749 tons 
of manufactured iron and steel went abroad, as against 
16,302 tons in August. Coastwise shipments of pig-iron 
last month amounted to 6,766 tons, as against 6,881 tons 
in August. 


Coke.—The state of the coke trade still leaves much to 
be desired, but it is gratifying to hear of some further 
slight improvement. Supply to the furnaces is rather 
better, but some consumers are still receiving hand-to- 
mouth deliveries. Average blast-furnace quality is 33s. 
at the ovens. and low phosphorus sort, 35s. 6d. at the 
ovens. Foundry quality for neutrals is selling at 65s. 
f.o.b. Middlesbrough Dock, and gas-house coke for export 
is quoted 47s. 6d. to 50s. 





Coat Conrrot Orrickr.—The Board of Trade has 
made an Order entitled the ‘‘Gas Coke Prices Order, 
1918,”’ fixing the price of gas coke and breeze used for 
industrial purposes. The Order comes into force on 
Monday next, the 7th inst. It contains provisions 
authorising the Controller of Coal Mines to suspend any 
of its provisions in any districts, or to vary the maximum 
prices in any cases of hardship. 





Fue. Economy.—A course of three public lectures, 
illustrated by lantern slides and experiments, on ‘‘ The 
Principles of Fuel Economy in the Home,” will be 
delivered at University College by Mr. A. H. Barker, 
lecturer in heati and ventilating engineering, on 
Wednesdays, October 9, 16 and 23, at 7 p.m. The 
lectures will be of a popular character ; they are designed 
to meet the needs of householders who are faced with the 
problem of fuel economy. A leaflet giving a syllabus of 
the lectures may be obtained by sending a stamped 
addressed envelope to the Publications Secretary, 
University College, London (Gower-street, W.C. 1). 





Japanese Imports or IRon AND STEEL IN 1917.— 
Imports into Japan of various steel products in 1917 
were much larger than in 1916 and 1915, says The 
Iren Age. Plates and sheets imports were 296,816 tons, 
as compared with 159,881 tons oe err tons in ae 
and 1915 respectively. Pig-iron and ingots are repo: 

ther as ayy Ag against 243,182 tons and 
173,883 tons in 1916 and 1915. Bars, rods and re 
totalled 221,243 tons in 1917, compared with 161, 68 
tors and 68,082 tons in the two preceding years. Rail 
imports were 50,671 tons; in 1916 they were only 
4,344 tons, and in 1915 8,920 tons. 


NOTICES OF MEETINGS. 


Tue InstITuTION oF 





MEcHANICAL ENGINEERS.— 
Friday, October 4, at 6 p.m., in the Meeting Hall of 
the Institution of Civil Engineers, Great George-street, 
Westminster, 8.W., the Thomas Hawksley Lecture on 
“The Experimental Study of the Mechanical Properties 
of Materials,”’ will be debvened by Dr. W. Cawthorne 
Unwin, F.R.5., past-president. 

Tae Mrxine Institute or ScoTtanp.—Saturday, 
October 5, at 2.30 p.m., in the Heriot Watt College, 
Chambers-street, Edinburgh. Mr. R. W. Dron’s paper 
on “*The Occurrence of Coking Coal in Scotland,” will 
be discussed ; Mr. Stewart Chambers paper on “ The 
Repair of a Circular Shaft of Small Diameter” will be 
discussed ; a paper will be read by Mr. John A. Yeadon 
on “The Economy of Briquetting Small Coal.” 

British FounpryYMEN’s AssociaTION: LANCASHIRE 
Brancu.—Saturday, October 5, in the College of 
} womens gh Manchester, commencing at 4 p.m. Mr. 
Samuel Roe, of Oldham, will deliver the presidential 
address. 

InstITUTE oF Marine Enaineers (INCORPORATED).— 
Tuesday, October 8, at 6 p.m., “‘ Feeding and Circulating 
the Water in Steam Boilers,’ by Mr. John Watson 
(Meraber). 

Tue IystiruTIon oF HEATING AND VENTILATING 
Enoineers (INCORPORATED).—Tuesday, October 8, at 
6 p.m., at the Holborn Restaurant, Holborn, W.C. 
(Duke’s Salon), the annual general meeting will be held. 
The followi: pers will be read and discussed: Paper 
on ‘‘ A New Method of Testing Heat Transmission from 
Radiators,” by M. Kinoshita; extracts from the pub- 
lished report of Research Committee on ‘‘ Transmission 
of Heat ti h Heavy Building Materials” ; Report of 
Research Committee ; (time permitting), discussion on 
paper read by Mr. E. Herring at the last February 

meral meeting on ‘‘Our Coal Resources and their 

ture Economical Utilisation for Industrial and 
Domestic Purposes viewed from the Heating Engineers’ 
Standpoint.” * 

Tue Opricat Socrery.—Thursday, October 10, at 
7 p.m., at the Imperial Co of Science and Technology, 
South ington. The following contributions will 
submitted for discussion :—(a) ‘‘ Sources and Magnitudes 
of Centreing Errors in a Sextant,’”’ by Naval Instructor 
T. Y. Baker, R.N. (Member of Council); (b) “ Astig- 
matism-Interchangeability of Stop and Object,’’ by 
Theodore Chaundy, M.A. (Member). 

Tse SHEFFIELD AssociaTION OF METALLURGISTS AND 
Metatturcicat Cuemists.—Thursday, October 10, at 
7.30 p.m. The opening paper of the Session will be 
read in the Assembly Room at the al Victoria Hotel 
by Professor H. C. H. Carpenter, F.R.S. (President of 
the Institute of Metals), entitled “Some Scientific 
Aspects of Steel Metallurgy.” 

HE ASSOCIATION OF ENGINEERING AND SHIPBUILDING 
DRAUGHTSMEN: NEWCASTLE BRraANcH, TECHNICAL 
Section.—Friday, October 11, at 7.30 p.m., in the 
Connaught Hall, Newcastle-on-Tyne. A paper will be 
read by Dr. Allan, B.8c., entitled othe Design of 
Ship’s Lines and Some Considerations of Form,” 








DEPARTMENT OF AIRORAFT PRODUCTION.—The Minister 
of Munitions has appointed Mr. A. E. Berriman, chief 
engineer to the Daimler Company, to be Deputy- 
Controller of the Technical Department of the Depart- 
ment of Aircraft Production of the Ministry, in succession 
to the late Professor Bertram Hopkinson, F.R.S8. 





Prorosep Turin-Lyons-Borpgaux Ramway.—The 
British Chamber of Commerce, Paris, says that a commit- 
tee, called “Switzerland Ocean,” or 45th parallel, hasdis- 
d the tion of a project for a Turin-Lyons- 
Limoges-Bordeaux railway, to facilitate and increase the 
commerce relations of Italy and beyond with North and 
South America, 








Honours in tHe Navy.—A correspondent writing 
in the South Wales Daily News says that a comparison 
of the number of officers borne with the number of 
officers decorated with British Orders shows the astound - 
ing result (omitting fractions) that these Orders are 
awarded to— 


One executive officer out of every a qd 
One accountant officer out of every ... 9 
One medical officer out of every... ove 12 
And one engineering officer out of every 23 


The mg. adds that by, tee the least favoured of the 
four big branches of the Navy are the ergineers. Their 
history, since pre-Crimean war days, has been one long 
struggle to benefit their position and to obtain status 
and pay coi ing to their onerous and responsible 
duties. Such was the progress of their cause in the 
national conscience that the Admiralty in 1902, sooner 
than yield to the just claims of this line, decided to 
abolish it. The engineer officers of the future were to be 
drawn from the Osborne Cadets, either voluntarily or 
compulsorily, after a common course of training ashore 
and afloat. From that time no more entries of erigineer 
cadets were made, and the old engineer line became 
moribund. This is probably the main reason why this 
line has been so unfairly treated in the matter of decora- 
tions by the admirals at Whitehall. There is no reason 
to propitiate a practically defunct line, as the necessity 
for attracting recruits to it no longer exists. As a 
postscript, it is illuminating to note that of the 49 awards 
of the Legion of Honour announced in the Gazette of 


the 28th of la:t month the admirals of the Admiralty 
have shared out 38 to officers of their own line, 6 to 
paymasters, 4 to doctors, and | to an engineer. 
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NOTICE TO NON-SUBSCRIBERS. 


In view of the restrictions now imposed by the 
Government on the importation of paper and the 
consequent shortage of supplies, Newsagents will not 
have for ch customers; therefore readers 
whe wish to be sure of obtaining “* ENGINEERING” 
each week should place an order for the Journal 
with a new t or bookstall clerk. 











Notices of Meetings to take place during the 
present and next week will be found on page 375. 
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REVISED B RATES. 

“ ENGINEERING ™ ma: ne be ordered from any newsagent in 
town or country and at or it can be supplied 
by the Publisher, Y .~ ion at the the follo rates, for twelve 
months, payable in advance :— 

For the United Kingdom c..eccccrcrsesserserroseee £2 9 @ 
For Canada— 
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When f subscriptions are sent by Post Office Orders, 
advice should be sent to the Publisher. 
and nial subscribers receiving a mre ae aoe 
by n on —_ uested to communicate the 
e Publisher, the ent’s name and ANY 
All accounts are av gh GINEERING,” Pg 
Cheques should be crossed “Union of London and Smith’s 


ited, Charing Gross Onoh Post-Office Ord: 
should be made payable at Bedford-street, Strand, W.O. 2. 





We desire to call the attention of our readers 
to the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing some- 
what similar titles. 
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THE WORLD’S STEEL TRADE. 
Brrore the war the world’s demand for steel 


a. goods, including engineering products, was in- 


creasing more substantially than its demand for any 


be! other important class of commodities. What will 


be the position after the war? In the last thirty 
years of peace the world’s consumption of iron and 
steel, reckoned in terms of pig-iron, increased from 
about 20,000,000 tons a year to about 75,000,000 
tons. Steel was being put to an ever-increasing 
number and variety of new purposes. More and 
more was it being substituted for wood and stone. 
But, from a British point of view, the iron and steel 
trade position was far from satisfactory before the 
war. British industry was doing little more than 
marking time, whilst the trades of other countries 
were going forward rapidly. Relatively and com- 
paratively we were losing much ground. In thirty 
years the world’s per capita consumption of iron— 
its demand for iron and steel goods, per head— 
increased by 150 percent. Our contribution to that 
great increase was nil. We did not increase our per 
capita output by 1 per cent. The Americans 
increased their per capita production by nearly 
300 per cent. The Germans increased theirs by 
200 per cent. How shall we progress after the 
war? We cannot expect to approach the United 
States in volume of production. The Americans 
have vastly more coal and iron ore than we have, 


ers | and they have a far bigger home market. But when 


it comes to the exportation of steel goods we ought 
to pork supreme. Our chief rivals, the Americans 

and Germans, are almost self-contained nations, 
producing for themselves nearly all the food they 
need. Requiring to import very little food, our 
competitors have no really great economic need for 
export trade in manufactures, such as those of steel. 
But to us a huge export business in manufactures 
is vital and imperative. We import more food and 
other raw materials than any other nation. For 
this reason alone we need to do the most export 
trade in manufactures. This point is of supreme 


380 | importance, but it is hardly ever realised or men- 
3 | tioned by Englishmen. 
$82 should simply beat other nations in manufactured 


It is not sufficient that we 


exports; we ought to be far ahead of even the 
strongest rival in this particular line. Not only do 


383 | we depend upon abnormal exports of manufactures 


to balance our abnormal food imports, but by 
virtue of our peculiar resources our unique geo- 
graphical situation, and our Colonial possessions, 
we are pre-eminently fitted to conduct the largest 
trade in steel exports, 

To begin with, we are the pore great nation with 
coal and iron ore supplies, manufacturing 
and shipping ports, practically side by side. Clearly 
we have been ordained by Nature to be a great 
steel-producing and exporting country. We have 
been lavishly endowed with all the essentials. Next, 
we possess—or did possess, before the war, and 





there is no reason why we should not again soon 
possess after the war—as much shipping as all other 
nations put together. Here, again, we have been 
cut out by Nature to be the first external shipping 
country. In some respects we are not nearly so 
well off as other countries ; but for the economical 
production and shipment of steel goods we are 
better situated than any other nation. This is a 
simple and indisputable fact, and we should recognise 
it and act upon it. In the next place, we have more 
Colonies and Dependencies needing steel goods than 
all other nations combined. Similarly, we have 
had more capital invested in foreign railways and 
other undertakings requiring steel than any other 
nation. All these circumstances should have com- 
bined to give us by far the most export trade in steel. 
But what was the position ? irty and forty 
years ago we did, in fact, do as much export trade 
in iron and steel as all other nations put together. 
But before this war broke out one nation, the 
Germans, had by themselves got ahead of us. In 
the last half-year before the war Germany exported 
1,000,000 tons of iron and steel more than Great 
Britain did—Germany, with much less conveniently- 
deposited minerals, a much inferior shipping position, 
with less than one-third as many ships as we pos- 
sessed, with practically no rich Colonies, and with 
nothing like our economic need of export trade, for 
Germany grew within her own borders 95 per cent. 
of the food she consumed. Less than fifteen years 
before the war we were ahead of Germany in this 
line to the extent of exporting 3,500,000 tons of iron 
and steel a year to Germany’s 750,000 tons. But 
in 1913 the Germans exported 6,000,000 tons against 
our 5,000,000 tons, and in the first half of 1914 
they exported 3,500,000 tons against our 2,500,000 
tons. But for the war, there can be no doubt, 
Germany would soon have swept us clean off many 
of the world’s markets, for as a nation we absolutely 
refused to wake up and face the facts and look 
after our own interests. 

Now what of the future? We have seen that the 
war, so far from creating the depression that so 
many predicted, has called for all the iron and steel 
that the producing nations can provide. Capacity 
has had to be increased to with the war 
demands. Meantime, few of the ordinary demands 
can be met. The world is simply hungering for 
steel. Germany, the greatest exporter before the 
war, has been practically out of business for more 
than four years. British exports have been curtailed 
until now they are on a scale below one-third the 
pre-war level. Belgium, France and other smaller 
European steel-exporting countries have done 
practically nothing in this line since war broke out. 
And the United States has not been able to make 
up anything like the total deficiency. Before the 
war American exports were not more than about 
2,000,000 tons a year. Up to her active entry into 
the war last year the United States to 
increase her stee] exports up to a 6,000,000-ton level, 
but this exportation is now under the 
pressure of demand for munitions. The world’s 
shortage of commercial iron and steel, reckoned 
only on the basis of pre-war exports, must now, 
for the four years of war, be not less than 35,000,000 
tons. Taking German exports at only 6,000,000 
tons & , four years of suspension means a loss 
of 24,000,000 tons. Taking our exports at 5,000,000 
tons (pre-war figures) and allowing that we have 
averaged half our ordinary trade over the full war 
period, this is a further loss of 10,000,000 tons— 
four years at 2,500,000 tons instead of 5,000,000 
tons. America’s increased exports will not have 
done more than balance the loss of Belgian, French 
and other European trade in this line. The out- 
break of peace will find the world with all these 
arrears of what we may call ordinary constructions 
and renewals to make good, besides the damages 
and wastages of war. To-day there is a world’s 
famine in ordinary steel and steel goods. Every 
day of the war is intensifying it. Peace will bring 


already noted that before the war the world’s 
appetite for steel was rapidly i i There is 


, increasing, 
OO aang She snack dn Sha grvethae Bee engete. 
Here it may be remarked that the world 
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depend—and is long likely to have to depend— 
mainly upon three nations for its iron, steel and 
engineering goods. The United States, Germany 
and Britain between them are responsible for about 
80 per cent. of the world’s total, and this per- 
centage, or proportion, is not likely to vary much 
for many years, if not decades. It will be long 
before even the most ambitious and promising of the 
newer and smaller steel countries can do much to 
disturb the balance at present in favour of these 
three great steel nations. And Britain, with her 
capacity so largely increased during the war, and 
in view of certain other new conditions created by 
the war, should easily regain and retain first place 
as an iron and steel exporting nation. The war, 
indeed, should prove the very salvation of the 
British steel trade, not only by inducing us to adopt 
improved methods and make vast extensions, but by 
arresting the worst forms of German competition and 
giving our products a preference among our friends. 

It is a remarkable and striking testimony to the 
fundamental soundness of the British iron industry 
that, whilst production in Germany is admitted by 
the trade journals of that country to be about 
5,000,000 tons a year below the pre-war level, and 
whilst even the vast United States is having the 
greatest difficulty to improve upon its best peace- 
time production, we in this country are beating 
our best peace record by 50 per cent. The out- 
break of peace will find us with a works capacity 
that will enable us to be practically independent 
of the 2,000,000 tons we imported before the war, 
7 to pir a surplus of about 8,000,000 tons 
of iron and steel goods a year for export, against 
the 5,000,000 tons exported before the war. This 
is a striking and significant fact. It is only natural, 
of course, that our manufacturers, with their ordinary 
exports cut down by nearly 75 per cent., should be 
chafing a little under the restrictions, and should be 
somewhat uneasy about the trend of wages, coal 
prices and other productive costs—not to mention 
the disinclination of the Government to pronounce 
a clear-cut policy for after the war—but there is 
the satisfaction of being able to reflect that not 
only is our biggest pre-war rival, Germany, out of 
business altogether for the period of the war, and 
likely to be boycotted after the war, besides her 
productive capacity being then most probably 
smaller rather than larger, but that wages and other 
costs are increasing in Germany, America, and 
elsewhere much as they are here, whilst from the 
United States, our chief competitor next to Germany, 
we shall never experience the fierce undercutting— 
the subsidised dumping—that characterised Teutonic 
trading. Wages alone in the American steel industry 
have been increased by 95 per cent. since 1915, 
and are now exactly 300 per cent. higher than they 
were twenty years ago. In Germany iron and coal 
miners’ wages have been increased since the war 
started by from 84 per cent. to 96 per cent.—much 
about the same as the wages of our miners. 
Munitioners’ wages in Germany have not risen to 
such levels as in Britain, but that general costs of 
production have advanced by quite as much in that 
country as here may be gathered by the fact that 
between August, 1914, and August, 1918, the 
following price increases have been made in 
Germany: Hematite pig-iron, from 78s. 6d. to 223s. ; 
ingots, from 87s. 6d. to 192s. 6d.; bars, from 95s. to 
235s. ; and plates, from 98s. to 275s. per ton. 

To sum up, the world’s coming peace demand for 
steel goods will be greater than even the current 
abnormal war demand, and this country, with its 
unique facilities for manufacture and exportation, 
should beat all rivals in neutral markets. Germany’s 
productive powers will be to some extent impaired, 
for her losses of men are such as cannot be balanced 
by any mechanical improvements, or the employ- 
ment of women; her agents and goods will be to 
some extent boycotted, or penalised, whilst pre- 
ference will be accorded British products in many 
markets. Regarding United States competition, 
we may be sure that American manufacturers will 
find such a huge and profitable market at home— 
the domestic requirements of the United States are, 
for special reasons, much beyond those of any other 
country—and their productive costs so high, that 
they will not offer us keen competition in the 





export race. Foreign competition is not, of course, 


to be ignored ; but our resources are such that we 
can easily take first place as an exporting nation, 
if only our trade unionists will be anything like 
reasonable, if our manufacturers will organise, and 
if our statesmen will afford our industries fair play. 








THE EXPLOSIBILITY OF COAL DUST 
AIR MIXTURES. 

THE United States Bureau of Mines has recently 
resumed its laboratory investigations on the 
inflammability of coal dust, because it was observed 
that dusts of too low inflammability to be ignited 
by the laboratory tests previously used were never- 
theless capable of propagating violent explosions 
in the mine. The sensitiveness of the laboratory 
method has hence been increased, and the new 
apparatus is described in Technical Paper 141, by 
J. K. Clement and J. N. Lawrence. The new 
explosion globe is a glass vessel of 1,400 cub. cm. 
capacity provided with tubulures at the top and 
bottom. The ignition tube is a horizontal tube of 
hardened “lavite”; the tube is wound with 
platinum wire, embedded in alundum cement, the 
whole fitting into a tube of sheet platinum, 0-1 mm. 
thick ; the tube is held in the middle of the globe 
by two platinum wires, 0-4 mm. in diameter, which 
are fused to the ends of the heating coil. Under- 
neath the globe is a funnel covered by a sheet of 
copper wire-gauze through which a cloud of coal 
dust is blown against the hot tube by admitting 
compressed oxygen into the bottom of the funnel. 
The temperature of the tube is determined with 
the aid of a platinum/platinum-rhodium couple ; 
the alloy wire is soldered to the platinum in the 
middle of the tube, the platinum wire to a point 
about 3 mm. away. The pressure generated by the 
explosion is recorded by a Crosby indicator. The 
weight of coal dust, air-dried and passed through a 
200-mesh sieve, used in an experiment is generally 
100 milligrammes ; in cases of low inflammability 
the weight is raised to 300 milligrammes. 

Plotting the pressures developed by the explosive 
combustion of these samples as ordinates against 
the temperatures as abscissw, it was observed 
that the curves became practically horizontal at 
1,200 deg. C., the maximum temperature used, if 
they had not already done so at lower temperatures. 
The first series of experiments was made with five 
different coals and a lignite, ranging in percentages 
of volatile matter from 44 down to 16-75, and in 
fixed carbon from 47-5 up to 78, in the order: 
sub-bituminous coal from Utah, a lignite from 
North Dakota, bituminous coals from Pennsylvania 
and from Alabama, semi-bituminous coal from West 
Virginia. The ash contents, 4-7 per cent. to 10-8 per 
cent., did not fit into this order, the lignite con- 
taining the greatest amount of ashes. Pressures to 
speak of were hardly developed by any explosion 
below 750 deg. C., that is to say, those pressures 
barely exceeded 1 Ib. per square inch ; at tempera- 
tures above 1,100 deg. the pressures decreased in 
the order stated, but at 1,000 deg. the Alabama 
and Virginia coal hardly recorded any pressure. 
The lignite gave the highest pressure next to the 
Utah coal; but the lignite was air dried (10-6 per 
cent. of moisture), and the samples indicated a pres- 
sure of 15-4 lb. per square inch, whilst the moist 
sample as received (41-3 per cent. of moisture) only 
gave 0-9 Ib. As nearly all lignites mined in the 
United States carry high percentages of moisture 
they cannot be regarded as very inflammable. 
Mine tests subsequently made confirmed these 
laboratory tests also as to the relative safety 
of lignite dust. In standardising the laboratory 
methods dust are classified as (1) dusts which, when 
suspended in air, may be ignited by a flame and 
give rise to an explosion ; (2) dusts which, suspended 
in air, cannot be ignited by a blown-out shot, by 
burning gas or an electric arc, but which may 
propagate an explosion already set up in a cloud 
of more inflammable dust or in an explosive gas 
mixture; (3) dusts that will not propagate an 
explosion. It would, of course, be very valuable 
if we could decide by laboratory experiments to 
which group any dust or mixture of dust with shale 
would belong, and the Bureau experts consider 


that they can decide that by their tests. In this 





work, the term “ignition limit” is used to designate 
the highest percentage of shale dust with which a 
given coal dust can be mixed and yet be ignited 
by the flame of a blown-out shot of black powder 
and give rise to an explosion; the “ propagation 
limit” indicates the highest percentage of shale 
dust which would still leave a coal dust capable 
of propagating an explosion. In the classification 
mentioned the ignition limit falls on the boundary 
between classes (1) and (2), and the propagation 
limit between classes (2) and (3). These limits 
have been determined, within about 5 per cent. 
or 10 per cent., in the experimental mine of the 
Bureau for a number of typical dusts; the coal 
dust of that mine itself, e.g., has an ignition limit 
of 59 per cent. of shale, and a propagation limit of 
73 per cent. of shale. The shale contains 99 per 
cent. of incombustible matter, and both the shale 
and the coal are ground to 200 mesh. 

The explosive gas added to the air in some labora- 
tory tests is natural gas from Pittsburg, containing 
84-7 per cent. of methane, the rest being ethane 
propane, butane and 1-6 per cent. of nitrogen ; the 
percentages of gas added are 0, 1, 2, sometimes 3. 
With 0 per cent., 1 per cent., 2 per cent. of gas 
Lucerne mine coal had an ignition limit of 54 per 
cent., 61 per cent., 68 per cent. of shale; Eccles 
mine coal gave 35 per cent., 40 per cent., 53 per 
cent., a Maryland mine coal required only 5 per 
cent., 12 per cent., 25 per cent. of shale. The 
propagation limits found in mine tests were in good 
agreement with the laboratory values; the ignition 
values derived from mine tests were decidedly 
higher than the laboratory values, moreover, 
particularly in the case of the Maryland coal, where 
the mine tests yielded limit percentages of 28, 
40, 50, instead of the 5, 12, 25 just stated. But the 
trends of the curves were the same, however, and 
there is thus a definite relation between the inflam- 
mability of coal dust as indicated by the pressure 
observed in laboratory experiments and the limits 
of ignition and propagation found in the mine. 

Experiments made with 600 coals taken from 
21 of the States of the United States and also from 
two provinces of Canada confirm these general 
conclusions. Further tests, however, also show 
the paramount importance of the size of the dust 
particles, and one is rather astonished in the first 
instance that this point is only discussed in the last 
portion of the paper. Dust from Pittsburg coal, 
when so fine that from 85 per cent. to 90 per cent. 
passed through a 200-mesh sieve—the sieve generally 
used for preparing the samples—required an amount 
of shale dust equal to four times its own weight 
to prevent propagation of flame; when the dust 
was coarser, and only 40 per cent. of the coal passed 
through this sieve, not more than three times the 
weight of shale was required for the purpose, and 
with 20 per cent. the necessary weight of shale 
went down to twice the weight of the coal. These 
facts prove the desirability of making screen tests 
of the road-dust samples received for inflammability 
tests so as to obtain more accurate information 
than the laboratory tests afforded as to the amount 
of shale dust needed to prevent ignition or pro- 
pagation of an explosion. Any error due to this 
cause is on the side of safety, however, since the 
laboratory test. generally indicates a greater 
inflammability than may actually exist. As regards 
the moisture of natural dust the possible error of 
the laboratory tests, which are conducted with 
air-dried samples of about 10 per cent. of moisture, 
is again on the safe side ; since the coal in the mine 
generally contains decidedly more moisture. These 
considerations add considerably to the value of labora- 
tory tests which one might otherwise question. 





THE POSITION OF AIBSHIPS IN THE 
FUTURE OF AERONAUTICS. 
THE success recently achieved by large aero- 
and the comparatively poor results obtained 
y the airship as a war machine, has had the effect 
in aeronautical circles of creating a state of mind 
wherein the aeroplane is considered as the only 
air machine worthy of development for commercial 
or other purposes. In an endeavour to consider 
the question in true perspective, particularly in 
connection with the airship and its use for com- 
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mercial work after the war, it seems desirable to 
put forward the following views and make some 
comparisons of the qualities and performances of 
aeroplanes and airships. 

First: in order to make a fair comparison a 
correct idea of the relation between airships and 
aeroplanes in regard to size should be obtained. An 
aeroplane is considered big and to represent to the 
minds of those who have only dealt with aeroplanes 
a great achievement when its gross weight or lift 
is in the region of 6 tons: in fact 14 tons probably 
represents the limit of size that has yet been at- 
tempted with any degree of success. In comparison 
with an airship 14 tons is quite small; in fact, 
airships of five times this gross weight have been 
in use for some time in Germany, and it is quite 
possible that airships of 100 tons weight are on the 
stocks at the present time. Moreover, unless some 
radical changes in design are brought about in 
connection with it is quite possible that 
an airship of 200 tons gross lift could be constructed 
with success much more easily than an aeroplane of 
30 tons gross weight. 

The effect of the comparative ease of designing 
and constructing a reaily large aerial machine as 
represented by an airship is seen greatly to advant- 
age. when considering the question of i 
capacity or useful lift. It is a remarkable fact that 
as a general rule the proportion of useful lift to 
gross lift is about the same for both aeroplane and 
airship of equally good design, being on an average 
about 33 per cent., ranging between 25 per cent. 
to 45 per cent. according to the quality of the design 
in both cases. Machines of special design when 
useful lift or speed is gained at the expense of some 
other attribute are, of course, ruled out of this 
comparison, otherwise one might quote an airship 
of small power and speed with a very high per- 
centage of useful lift in comparison with a fast high- 
powered aeroplane with a very small proportion 
of useful lift. This fact puts the airship in a very 
favourable position as regards weight carrying, parti- 
cularly for commercial purposes, since whereas a 
large aeroplane of 6 tons gross weight would only 
have a useful carrying capacity of 2 tons, a 60-ton 
airship can carry a useful load of 20 tons. Useful 
load in both cases is taken as representing fuel, 
crew, oil and cargo of commercial or military value. 

The airship is generally referred to by those who 
would limit aerial development to aeroplanes as a 
big clumsy gasbag, but when a proper comparison 
is made of airship and aeroplane of the same gross 
lift, or weight, it will be seen that there is no great 
difference in dimensions, particularly so if we try to 
compare an aeroplane designed to have, say, a gross 
weight of 60 tons with that of a 60-ton ship. For 
instance, suppose a 60-ton super “ Gotha” were 
designed on the same lines as the present type— 


the area of the planes would have to be ae times 
that of the present Gotha, and therefore would be : 
958 x — = 17,700 eq. ft. 


since the lift is ional to the plane area, and 

an ordinary Gotha weighs 3-25 tons, its plane area 

being 958 sq. ft. The overall dimensions on the 

bases of the linear dimensions being ional to 

the square root of the area and thus of the gross 
weight would be :— 


Span 78 x tam = 334 ft. 
pan 5 span. 
Length 41 ft. x VV - 175 ft. length. 


Height 12-76 x / x = 59-5 ft. height. 


_It is admitted that it would be possible to con- 
siderably improve upon these figures by making 
multiplane types which will decrease the lateral 
dimensions and increase the height; yet, when 
we consider that the dimensions of a 60-ton Zeppelin 
airship are only 650 ft. long, 79 ft. wide and 92 
overall height, it will be seen that the i 


The assumption of similar design for the 60-ton 
aeroplane and a 3}-ton plane is of course purely 
hypothetical, but the foregoing remarks will, it is 
hoped, be sufficient to show that it is unfair to 
classify an airship as cumbersome, as compared 
with planes, without due regard to lifting capacity. 

If we consider planes or ships of very large gross 
lifting capacity the advantage of smaller dimensions 
will ultimately be with the airship as the lifting 
capacity of the ship increases with the cube of the 
linear dimensions of the hull and that of the aero- 
planes as the square of the linear dimensions of the 
planes. For instance, the dimensions of a 200-ton 
airship would only be 975 ft. long, 118 ft. diameter, 
and about 138 ft. overall height, whilst the dimen- 
sions of any aeroplane designed on present lines 
would greatly exceed these dimensions, even if such 
an aeroplane were possible to construct. 

As regards air resistance and power required, the 
large airship shows to great advantage over the 
large aeroplane. This advantage arises out of the 
two facts: (1) That in an aeroplane a large pro- 
portion of the power is required in order to obtain 
the dynamic lift as apart from the direct resistance 
of the aeroplane to motion through the air, whercas 
an airship obtains its lift without expenditure of 
power. (2) The resistance of the hull, or lifting 
body, which is the greater portion of the resistance 
of a large ship, is in the case of the ship proportional 


to W! and in the aeroplane proportional to W, 
where W equals gross lift, and therefore, the 
greater W the less the resistance of the lifting body 
of the ship in proportion. In the larger sizes the 
aerodynamic resistance of the planes alone would 
be much greater than the resistance of the whole 


In connection with (1) we may state that a well- 
designed aeroplane wing has a lift drift ratio of 
1 to 15 and for a biplane construction 1 to 14, 
which means that the resistance to motion is 1/14th 
of the weight sustained or about 7 per cent. This 
is almost a constant quantity for whatever speed 
the plane is designed. To this must be added the 
resistance of all other parts of the machine an amount 
generally about equal to this making 14 per cent. 
in all of the gross weight. 

Now a modern airship of 60 tons displacement 
has a resistance of about 5 per cent. of its gross 
weight at 65 m.p.h. and it will, therefore, be seen 
that the power required for a 60-ton aeroplane would 
be 2-7 times as great if designed for the same speed. 
Even at 90 m.p.h., which is a reasonable speed for a 
large aeroplane, the total resistance of the airship 
would only be 10 per cent., whereas the aeroplane 
would have a resistance of 17 per cent. of its gross 
weight at this speed. It must be admitted, how- 
ever, that in order to carry the necessary power 
on a ship, to obtain this latter speed an undue pro- 
portion of useful lift would have to be sacrificed. 
The figures for the airship quoted above are obtained 
from the particulars of Zeppelin “ L. 33,” the power 
being taken at 1,500 h.p. and the speed at 65 m.p.h., 
and due allowance being made for propeller efficiency, 
&c., of 75 per cent. overall. 

The aeroplane figures may be confirmed by cal- 
culating the resistance from the best gliding angle 
obtained by aeroplanes. The best gliding angle 
is generally about 1 in 8, and therefore the resistance 
at the gliding speed is about jth or 12-5 per cent. 
of thé gross weight. The speed when gliding at the 
best angle is however only about 0-7 to 0.8 of the 
maximum speed of the plane, and it will therefore 
be seen that the 14 per cent. quoted above is really 
low and the advantage of the airship is therefore 
greater in this t. If we use Lanchester’s 
results, i.¢., “that at the most economical speed 


the aerod. ic resistance is equal to the direct re- 
is the speed at best gliding angle” we have :— 

Resistance at maximum speed 

ey 

In this calculation the aerodynamic resistance 
is taken as being the same at both gliding 
total resistance at gliding speed. This is not strictly 
true, and gives a result rather too high ; actually 





sistance,” and also “ that the most economical speed 
125 , 125 1 \e 
(7s) 
== 17°35 per cent. 
speed 
and maximum speed and therefore equal to half the 
16 per cent. is more correct. 





This question of power required for a given weight 
or size of aerial machine, will no doubt to 
be a most important consideration in the future 
development of aeronautics. It will be seen 
that in the light of present day knowledge, airships 
will always be superior to aeroplanes in this respect, 
particularly when we remember that Lanchester 
after carefully considering the question of the 
limit of possibility in this respect for aeroplanes 
gives such a limit as being possibly 10 per cent. at 
90 miles per hour. 

It is generally assumed that the aeroplane is 
essentially a much speedier aerial machine than a 
airship. We have seen however, in the foregoing 
paragraph that for the same speed a greater pro- 
portion of power is required for a large aeroplane 
than for an airship of the same gross weight. We 
also note, that, whereas in the case of the ship 
the proportional resistance or traction coefficient 
becomes less as the size increases (and conse- 
quently speed can be increased with size), we have 
at present, no reason to believe that large aeroplanes 
will be speedier than small ones : in fact, rather the 
Teverse. There is every reason to believe that air- 
ships of 30 tons and over can be constructed having 
a speed of 80 miles per hour and a useful lift of 40 
per cent. of the gross weight, which compares 
favourably with any aeroplane that may be pro- 
posed having a gross weight of anything approaching 
this figure. 

As regards duration of flight, it should require 
no particular demonstration to show that the 
airship holds the field as regards duration both with 
respect to time or distance. The chief reason for 
this lies in the capability of the airship to cruise at 
quite a moderate speed with a very small pro- 
portion of its total horse power in use. The aero- 
plane as we know it must of necessity always expend 
the greater portion of its available horse-power in 
order to maintain itself in flight, and can only keep 
in reserve the portion that is required for climbing 
purposes which may be 30 per cent to 40 per cent., 
and even this can only be done in good weather 
when rapid variations in wind velocity are not 
prevalent. 

An airship may fly at half-speed with an expendi- 
ture of only about one-eighth of its total horse- 
power, as the traction coefficient at low speed is 
very small, whilst an aeroplane must always use 
sufficient power to maintain its dynamic lift. This 
consideration is bound to prove of considerable 
importance in the commercial] aeronautics of the 
future. 

There is no doubt as regards height attainable, 
the aeroplane will always hold considerable advan- 
tage over the airship. Provided means are fitted on 
an aeroplane, as they undoubtedly will be, to main- 
tain the power of the engines and the efficiency of 
the propellers at high altitudes there would appear 
to be no practical limit to the height that may be 
reached. In the case of the airship, however, 
available lift must always be sacrificed if high 
altitudes are to be attained. The limit of height 
is reached when all ballast or equivalent is disposed 
of, and the quantity of gas is just sufficient to 
maintain the ship in equilibrium. 

The practical limit would appear to be about 
15,000 ft. and even then the ship would require 
to have almost 50 per cent. of its gross weight avail- 
able as ballast or equivalent unless the ship is 
supported by dynamic lift afterwards. The latter 
procedure is possible and is, in fact, carried out in 
practice by swivelling propellers, or by keeping the 
ship under way until actual landing. 

However, for commercial purposes the question of 
height attainable is quite a minor point, and unless 
particular atmospheric conditions are to be en- 
countered or made use of, 5,000 ft. would be all 
that is really necessary. 

A good deal of adverse comment is often levelled 
against airships by referring to the difficulty of 
landing and generally handling the ships on the 
ground. This difficulty will no doubt, gradually be 
overcome by the provision of mechanical aids for 
this procedure. In addition whilst the landing of 


an aeroplane is comparatively easy, there 


is no doubt that, as the sizes of aeroplanes increase 
comparable to the size of large airships, it is quite 
possible that the difficulties of landing and ground 
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manoeuvring will increase to such an extent that the 
airship may become the easier proposition, par- 
ticularly when it is considered that the ship can 
always be brought to a standstill in the air before 
landing is attempted, but if a 60-ton aeroplane must 
land at something over 60 miles per hour there is 
likely to be considerable more difficulty than with 
one, say, of 3-tons weight. 

The provision of sheds for the purpose of housing 
airships is, no doubt, a considerable obstacle to 
their development. When, however, we consider 
the question in the light of possible future develop- 
ment of landing grounds or harbours, and the 
satisfactory solution of the problem of mooring 
airships safely in the open, it is doubtful whether 
there will be much greater difficulty than with larger 
aeroplanes of comparable dimensions. 

The greatest objection to the development of 
airships is no doubt, the hydrogen problem. The 
large expenditure involved in the manufacture, 
storage and upkeep of supplies and necessary plant 
in order to keep the ships inflated and replenished 
with gas would seem prohibitive. 

One great source of trouble and expense is now 
being eliminated. Owing to imperfection of the 
gasbags it was formerly necessary to refill with gas 
at frequent intervals in order to replace impure 
gas. We have now reached a stage where it will 
be possible to use one charge of gas per year, with, 
of course, the necessary replenishing to replace the 
slight leakage and loss when gas is discharged during 
flight. The danger of fire becoming disastrous as 
a result of the use of hydrogen may in time be 
eliminated by developing the use of an inert gas such 
as helium, but this is not likely to become a 
practical proposition for some time. 





Tae Instrrution or Locomotrve ENGINEERS 
(Lonpon).—We are informed that on the 29th inst. 
Mr. Paterson, district locomotive superintendent of the 
Lancashire and Yorkshire Railway, Low Moor, Yorkshire, 
will read a paper on “ District Supervision of the Loco- 
motive Department of a British Railway,’’ and a dis- 
cussion will follow. Mr. Paterson invites full discussion, 
and members and their friends are cordially invited to 
take part. The meeting will take place in the Philo- 
—s Hall, Park-row, Leeds, and will commence at 

o'clock. 


Trave Somo.tarsuHirs For Boys, 1918.—The London 
County Council offers about 260 trade scholarships to 
boys between the ages of bye 16 years whose parents 
are resident in London. e scholarships provide free 
education (with maintenance grants ranging from 
61. to 151. a year) for one, two, or, in certain cases, three 
years at trade schools approved by the Council. The 
instruction provided at these schools is designed to 
enable boys on leaving school to take up either apprentice- 
ships or emplo nt in skilled trades. Instruction is 
given in motor-body building, the engineering and allied 
trades, building trades, furniture and woodwork trades, 
book production, silversmithing, photo-engraving and 
photo-process work, &c. Application forms (T.2/258) 
and full particulars of the scholarships may be obtained 
from the Education Officer (T.2), L.C.C. Education 
Offices, Victoria Embankment, W.C. 2, to whom all 
applications must be forwarded not later than Saturday, 
the 12th inst. 





Tas Dontor ENpowMENT AND Epvucation SCHEME.— 
The conclusion of the first term of the Dunlop Rubber 
Company’s educational scheme and the inauguration 
of a endowment scheme were celebrated on Friday, 
September 6, at the Birmingham Temperance Hall. 
Mr. F. ©. Baisley explained the schemes and pointed 
out that in the past industry and commerce in this 
country had been handicapped through the greater 
percentage ot those employed being unable, for want of 
sufficient education, to use their abilities to the best 
advantage. The Dunlop scheme was essentially an 
encourag t h It afforded facilities for 
education and provided the strongest possible ind 
ments to study in the shape of continuous promotion, 
constantly increasing salary, the assurance of a satis- 
factory career for life and the benefit of an endowment 
at the age of 55. Some of the company’s occupations 
called for the employment of men and women of high 
educational attainments, and positions were held fy 
Doctors, Masters and Bachelors of Science and Masters 
and Bachelors of Arts. Every one of the executive 
directors of the company and most of the directors of 
the subsidiary companies had been promoted from the 

ment. The endowment scheme was provided 
entirely at the expense of the company. The amount 
of the endowment yee upon the length and form 
of service between the of 20 and 55, and was 
adjusted a The highest amount guaranteed by 
assurance was 3,000. In the education scheme advantage 
was taken of the Municipal Educational Institutions, 
and provision was made not only for intermediate and 
higher education, but also for those who required 
preparation for admission to these studies. 
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Methods of Measuring Temperature. By Ezer GrirFitus, 
D.8c., Assistant in the Heat Department of the 
National Physical Laboratory. With an Introduction 
by Principal E. H. Grirrirus, F.R.S. Illustrated. 
London: Charles Griffin and Co., Limited. [Price 
8s. 6d net.) 

WITHIN recent years pyrometers have increased 
greatly in accuracy and convenience, and conse- 
quently have come into very general use in a large 
number of industrial operations where high tempera- 
tures are involved, and particularly in those where 
correct adjustment of temperature is essential to 
success. Progress has not been £o rapid as it should 
have been, for too much reliance is still placed 
on so-called practical tests, the use of which may 
be justified in pottery production, but outside that 
limited industry cannot be commended. This 
trustfulness in long-trained experience is possibly 
strengthened by the knowledge that trouble has 
arisen when new methods have been introduced, 
forgetting that this trouble may be traceable to the 
use of a form of apparatus unsuited to the purpose 
to which it has been applied, or to the neglect of 
some precautions for which proper provision has 
been made in construction. Such a book as this 
provides precisely that information, which would 
prevent such untoward results, and secure the 
highest degree of accuracy. It is particularly suited 
to guide those who are in control of industrial 
processes, and at the same time it can be consulted 
in the laboratory or where the measurement of 
accurate temperature is necessary. 

But though carelessness or indifference may 
fight against the adoption of scientific methods of 
pyrometry, it must be admitted that the existing 
mistrust, or neglect, of rigorous methods is in some 
measure to be attributed to the confusion occasioned 
by the discordant temperatures that different 
authorities have assigned to the same phenomena 
when high temperatures are concerned. The varied 
values quoted for the temperature of the positive 
crater of the electric arc have been regarded as 
evidence of untrustworthiness in experiment, and 
the impossibility of maintaining a uniform scale 
throughout a wide range. Here, again, the author 
does excellent service by insisting on the degree of 
reliability that can be placed on modern gas thermo- 
meter work, emphasising within what limits and 
under what restrictions an adopted scale can be 
regarded as continuous, and providing a standard 
to which all heat measurements can be directly 
referred. The measurement of heat is accompanied 
by peculiar difficulties. The international scale of 
temperature, based upon the expansion of hydrogen, 
which affords an excellent definition of a degree 
Centigrade, cannot be carried by direct measurement 
further than about 600 deg. C., because no satis- 
factory containing vessel has yet been found. 
Nitrogen being less active, but also a less perfect 
gas, permits. direct measurement to be carried to 
about 1,200 deg. C. At this point inference or 
extrapolation begins, and though there is evidence 
—evidence that the author sets out clearly and 
cogently—that uniformity of scale is maintained 
with quite unimportant deviations to perhaps 
1,550 deg. C., the melting-point of palladium, it 
must be remembered that in the use of these larger 
figures we are dealing with an independent system, 
whose connection with that used in recording lower 
temperatures is not severely established. 

It is a matter for congratulation in the history of 
thermometric registration that advance has been 
so rapid and so satisfactory. Principal Griffiths, 
in an interesting introductory note reminds us, 
that thirty years ago, the boiling-point of sulphur 
was not known within 4 deg. C., implying that 
the temperature scale, which assigned 100 deg. C. 
to the difference between the melting-point of ice 
and the boiling-point of water, and which it was 
intended to carry on uniformly with equal increments 
of heat, was in error by that amount, at 450 deg. C. 
The cumulative effect of such an error in the doubtful 
work of extrapolation can be easily understood. 
In the measurement of the highest temperatures we 
are still liable to deviations from absolute uniformity, 
because we have no means of reference to the gas 
scale, nor can we be sure that we are dealing wholly 
with calorific radiation. But thirty years ago, the 











settlement of the boiling-point of sulphur was epoch- 
making and led to new standards of thermometric 
accuracy. Previous to the classical investigation 
of Callendar and Griffiths, the sources of error that 
efiected the result were only imperfectly appreciated. 
To insert a thermometer into the vapour to be tested 
was thought by many to be all that was needed. 
The difficulty of maintaining an enclosure at a con- 
stant and uniform temperature, indispensable for 
thermometer comparisons, was lightly regarded. 
Errors, due to superheating of the vapour or to loss of 
heat by radiation and condensation, were not care- 
fully eliminated. The practical outcome of that 
inquiry was the recognition of the value of the 
platinum thermometer as a self-consistent and 
trustworthy instrument, remarkably free from 
change of zero and from secular alteration of its 
coefficients. The employment of an effective 
resistance box brought about a new order of accuracy 
in subdividing the Centigrade degree, and proved 
that the sensitiveness of the thermometer might be 
indefinitely increased. We believe that Principal 
Griffiths has succeeded in demonstrating differences 
of temperature that did not exceed one-millionth of 
a degree. 

The oldest form of graduated measurements is 
by the expansion of mercury in a capillary tube, 
and it is to be feared that our familiarity with this 
form of thermometer has tended to blind us to its 
many and patent defects, as generally used. With 
the demand for greater precision, the mercury in 
glass thermometer has been submitted to critical 
examination and the necessity for many corrections 
shows that the apparent simplicity—its great recom- 
mendation—has been gained at the expense of 
accuracy. Dr. Griffiths examines these sources of 
error very carefully, showing what has to be done 
in order to express the readings in terms of the 
normal gas scale. It may be pointed out, that 
where high temperature mercurial thermometers are 
used, the employment of a scale deduced by extra- 
polation of the 100 deg. C. between ice and steam 
would lead to very serious errors. In the case of 
barosilicate glass, the difference at 500 deg. C. 
between the two scales may amount to more than 
25 deg. C. Of course, such errors are avoided in 
modern instruments by the adoption of appropriate 
methods of calibration, but constant watchfulness 
is needed to ensure that the strains set up in the glass 
by thermal hysteresis, and other causes, do not 
effect the position of the zero. When other con- 
tributing errors are taken into account and the 
necessary corrections applied, few will question 
the author’s verdict, that “‘ where extreme accuracy 
is required, the simplicity of the instrument is more 
apparent than real, and that a well-designed 
resistance thermometer outfit easily surpasses it in 
sensibility, besides being free from zero depression, 
which is the inherent failing of the mercury in glass 
thermometer.” 

As a means of measuring high, but still moderate, 
temperatures, the resistance thermometer and 
bridge has proved unequalled among pyrometer 
devices for precision and reliability. The work of 
Callendar and Griffiths, already mentioned, demon- 
strated that the variation of resistance of platinum 
with change of temperature can be used to derive an 
expression of parabolic form, that would give results 
directly comparable with those of the air thermo- 
meter. From zero to 600 deg. C., the agreement 
was sufficiently close to warrant a considerable 
extension, and indeed by a slight variation in the 
constant of the formula, the readings might be 
employed without sensible error at all temperatures 
to which the materials used in the construction of a 
platinum. thermometer can be subjected: without 
injury. At 1,100 deg. C., the deviations are still 
small, but the reservations already mentioned have 
to be borne in mind. At this limit, the freezing- 
point of gold forms a well-defined transition point, 
admirably adapted for calibration purposes, and this 
fiducial point had been fixed by Barus, using @ 
platinum vs. platinum-rhodium couple, calibrated 
in terms of a gas thermometer, at 1,093 deg. C. 
Holborn and Wien, employing practically the same 
method obtained 1,072 deg. C., a discrepancy of 
no less than 21 deg. C., Heycock and Neville reducing 
their observations by the parabolic formula found 
1,061 -7 deg. C., considerably lower than either result, 
but. this value has been confirmed by Day and 
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Sosman, who have fixed the point at 1,062-4 deg. C- 
From very low temperatures to this upper limit, 
we may feel assured that one uniform scale of 
measurement based on the international definition 
of the degree Centigrade has been carried throughout, 
a triumph of experimental skill. To measure 
differences of temperature of 0-01 deg. C. demands 
resistance measures accurate to 0-0001 ohm. 
Practically this minute subdivision is effected by 
obtaining an approximate balance by a set of coils 
and making the final adjustments by means of a 
bridge wire, or set of shunted coils. The introduc- 
tion of any sensible error is not to be feared from 
this cause, but it would be out of place to attempt 
to enter into details, which are fully described in the 
work, by one who is intimately acquainted with 
the process. For industrial work such refinements 
must be dispensed with, and several plans are 
indicated for obtaining the necessary robustness 
of apparatus with the requisite sensitiveness of 
indication, the treatise being intended for use, 
both in the factory and laboratory. 

The thermo-couple rivals the resistance thermo- 
meter in offering a convenient and sensitive electrical 
method of measurement. The scale, depending on 
the assumption that the thermo-electric electro- 
motive force varies uniformly with increase of 
temperature, can be extended much in the same 
way as that of the platinum thermometer, but the 
necessary limitations must be correctly apprehended, 
since the employment of more refractory materials 
offers inducement to apply the method to ever- 
increasing temperatures. Platinum with platinum- 
rhodium has been generally adopted as_ the 
standard couple, being more permanent at high 
temperatures than some combinations which may 
prove more economical in working, but as these 
so-called “‘ base metal” couples are largely used 
industrially, the author might have considered 
them a little more fully. The potentiometer method 
of measuring the E.M.F. is given in great detail, 
but the simpler, if less exact, plans adopted in 
furnace practice, by which the E.M.F. is measured 
directly by a galvanometer, receive little attention. 


The problem of measuring high temperatures— a manner which will meet the requirements of the 


a problem in which theoretical deduction aids 
mechanical ingenuity—gives rise to some very 
interesting chapters. Practically there is only one 
temperature phenomenon available for the purpose, 
the radiation from the black, or perfectly absorbing, 
body. With such a body, which can be more or 
less perfectly realised in practice, it can be assumed 
in conformity with the Stefan-Boltzmann law, 
that the energy of complete diffuse radiation is 
directly proportional to the fourth power of the 
absolute temperature. On this supposition, which 
says nothing of monochromatic radiation, the black 
body takes the place of a perfect gas in the definition 
of the gas scale. The author gives concisely the 
evidence on which depends the continuity of the 
international with the radiation scale, and the 
conclusion that there is no breach of continuity 
throughout the measured range of temperature will 
probably be accepted as valid. The importance of 
this decision cannot be overestimated, for it suggests 
a method of measuring the highest temperatures 
encountered. This method is realised in radiation 
pyrometers, since no part of the measuring apparatus 
is submitted to the temperature of the furnace. 
The indications of the pyrometer must, however, 
be accepted with caution. It may be questioned 
whether we have a temperature of 3,500 deg. C., 
that of the carbon arc, for example, in the same 
sense that we have a temperature of 600 deg. C. 
Extrapolation has not only been carried to an 
unwarrantable, or at least, an excessive length, 
but an entirely new temperature phenomenon has 
been linked up with the old one and the continuity 
asserted. 

Convenience of measurement has, however, not 
stopped here. We have optical pyrometers, and 
their accuracy must depend on the construction 
placed on the distribution of energy in the spectrum. 
The Stefan-Boltzmann law, as already said, does 
not apply even approximately to monochromatic 
radiation,.and we must further accept Wien’s 
deduction that with: increase of temperature, the 
wave length of every monochromatic radiation 


diminishes in such ‘a way that the product of the 
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wave length and temperature remains constant. 
The expression, well known as Wien’s “ displace- 
ment law,” resting on arbitrary assumptions, how- 
ever, is the most satisfactory of the equations 
proposed to represent the distribution of spectral 
energy in “ black” radiation. In that part of the 
spectrum where the maximum intensity occurs, 
Wien’s equation represents the distribution of the 
intensity quite satisfactorily. Among the longer 
waves of the infra red the formula fails, and this 
want of agreement throws some doubt on the com- 
pleteness of the theory, and consequently on the 
adequacy of the formula. But convenience out- 
weighs suspicion and the optical pyrometer 
flourishes, and thanks to the accurate methods of 
calibration now employed, this form can be regarded 
as a reliable scientific instrument. 

The author does not enter minutely into the 
mechanical construction of pyrometers, that is not 
the object of the treatise, but he gives in quite 
sufficient detail the theory on which construction is 
based, and explains how accuracy, or at least 
identical, results are secured. He puts before us 
ina lucid and convincing manner a scheme of 
practical pyrometry, and by inference, we can see 
the extent to which the accurate methods employed 
in the National Physical Laboratory have con- 
tributed to the advance of the science of heat 
measurement.. The illustrations are well chosen 
and well reproduced. An adequate bibliography 
accompanies each chapter, and we hope it may not 
be considered ungrateful if we say that the index 
might have been extended with advantage. 





Electric Motors and Control Systems. By A. T. Dover. 
London: Sir Isaac Pitman and Are Limited. 
[Price 16s. net. ] 

Tx sub-title of this book is “ A Treatise on Elec- 
tric Traction Motors and their Control.” In the pre- 
face it is stated that “this book is an amplification 
of a portion of the author’s work on ‘ Electric Trac- 
tion.’ It treats of the principles and special features 
connected with the application of electric motors 
to electric tramways and railways. . The 
author has endeavoured to treat the subject in 


e r and the advanced engineering student 
rathe than those of the specialist in electric railway 
equipment.” 

The book is divided into 10 chapters, of which the 
first deals generally with the selection of traction 
motors ;. the second, third and fourth with con- 
tinuous current, single-phase, and polyphase traction 
motors respectively ; and the fifth with the testing 
of traction motors. Chapters VI, VII, IX and X are 
devoted to the control of continuous current tramway 
motors and railway motors and single-phase and 
three-phase railway motors; while Chapter VIII is 
concerned with the calculation of resistances. 

Ohapter I is of a quite elementary nature. In it 
are derived expressions for the force necessary to 
aecelerate a train, to accelerate the revolving parts 
of it and to accelerate it up a gradient. In this 
latter connection there is perhaps a danger that the 
author’s meaning may be misinterpreted, since 
the reader may fail to note that the formula 
given shows the additional accelerating force re- 
quired and not the total. This additional force is 
that needed to hold the train in equilibrium on 
the grade. Aspinall’s formula for train re- 
sistance is quoted as standard for locomotive-hauled 
passenger trains and another formula, due to the 
author, and involving first and second powers of the 
velocity, is suggested for motor-coach trains. The 
chapter closes with a few examples. One of those 
refers to a train of 400 tons (total) running at 
60 miles per hour; firstly on a level track and 
secondly up a gradient of 1 in 200, the resistance 
being taken at 15 lb. per ton. The out on the 
driving axles are given as 720 kw. 1,260 kw. 
respectively. It is then stated that if the output 
during the ascent is limited to 746 kw. the speed 
will fall to approximately 42 miles per hour. This 
result is got by simply assuming that the specific 
train resistance will fall to 11 lb. per ton. Combin- 
ing the data given with Aspinall’s equation gives 
the resistance equal to 10 lb. per ton and the 
velocity 44 miles per hour. 

Coming to continuous-current motors the author 
gives characteristic curves of series, shunt, and 


compound motors, and in a very clear manner” he 
shows the superiority of the series motor over the 
others, when running in parallel; the motors being 
supposed to differ slightly in performance from 
specification, as they will do; and the driving. 
wheels being somewhat unequal in size. The effects 
of pressure rises and of the interruption and restora- 
tion of the supply voltage on series and shunt 
motors is also considered though in a qualitative 
rather than a quantitative manner. Having pointed 
out the several advantages of the use of commutating 
poles for traction motors, reference is made to their 
mechanical feature (many excellent illustrations 
are given) ; these special features, as compared with 
stationary motors being due to the necessary 
compactness and robustness of the traction motor, 
the compactness calling for the use of forced 
ventilation. 

On the subject of regenerative braking it is 
interesting to note that on the Chicago, Milwaukee 
and St. Paul Railway, on which the locomotives 
carry 1,500-volts series motors, each of 452 h.p., 
provision is made for this by over-exciting the fields 
by means of a separate exciter. Automatic control 
of the return current is said to be obtained by 
regulating the field of the exciter by a motor-driven 
field rheostat. 

The theory of single-phase motors is treated solely 
by the vector method, which we think is somewhat 
of a mistake ; as some points are more conveniently 
dealt with by the algebraic method, and we think 
it desirable that the student should be acquainted 
with both. Further, there is no attempt made to 
show that the vector method is applicable to the 
phenomena under discussion, and when it is con- 
sidered that these phenomena include the rotation 
at any speed of an armature in a variable field 
(in time) we are entitled to inquire whether the 
induced voltages are of the same frequency as the 
applied voltage or not; since if they are not the 
vector diagram is impossible. In fact, too many 
points are assumed. For instance, in the first 
paragraph the author states that if a direct-current 
series motor with laminated fields is supplied with 
alternating current at low frequency, then, except 
for commutation, it will be found to possess 
operating characteristics similar to those of a 
direct-current series motor. Having stated this 
he uses some of these characteristics to develop a 
theory, whereas what one expects is the develop- 
ment of the theory from first principles and a 
demonstration of the characteristics from the theory. 
The discussion of commutation is extensive and 
very good. The treatment of the various types 
of repulsion motor is very much better than that 
of the series motor. Several good illustrations of 
commercial motors are given with performance 
curves and details of windings. 


On the subject of polyphase motors a knowledge 
of general theory is assumed, and the bulk of the 
discussion is on windings suitable for pole changing 
for variable speeds (there being little to say about 
the cascade system of speed regulation). The 
winding diagrams and tables are numerous and 
clear. There is, among others, a very interesting 
illustration of a 1,300-h.p. motor with cranked rotor 
shaft, the slip-rings being outside the cranks. 

In Chapter V the methods of testing continuous 
current motors is gone into in great detail. A 
diagram is given of a switchboard by which the 
necessary connections may be made and a method 
of reducing and tabulating the results of the tests 
is illustrated by example. We notice that with 
regard to the measurement of the core-loss: the 
author prefers to drive the motor as generator by 
means of a smaller shunt motor, the driven machine 
being separately excited, and measure the input to 
the driving motor ; rather than to measure the input 
to the motor directly when running light and 
separately excited. His reason is that greater 
accuracy is obtained. In our opinion the reverse 
is the case. The testing of single-phase motors is 
not quite so fully treated, and nothing is said about 
three-phase motors, presumably because, as we 
believe, these have not come into use in this country 
for traction purposes. The method of making 
service tests is explained, and the chapter closes 
with a short description of the Wimperis accelero- 
meter. 
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The descriptions of the methods of controlling 
continuous-current tramway and railway motors 
and of the apparatus used for that purpose are very 
excellent. Along with the developments of the 
controllers are given diagrams showing the relations 
of the motors to each other and the resistance steps, 
which will save the reader a vast amount of trouble 
in studying the subject. We think it would add 
to the value of the work if some more detailed 
drawings of contactors were introduced. For some 
reason the author refers to what has been generally 
called a controller drum as a cylinder or a spindle, 
which is not very helpful. 

The calculation of starting resistances is explained 
in a manner that could hardly be improved upon. 
Both the algebraic and “curve” methods are 
worked out, with examples, and while both methods 
are rather tedious the author is generally in favour 
of the latter. 

With regard to the control of single-phase motors 
which is clearly put forward, we think it would be 
well if a more detailed discussion of the induction 
regulator were given, though there are references to 
articles where fuller information is to be found. 
The same observation occurs to us on reading the 
chapter on the control of three-phase motors. 
It would appear that for main line electrification the 
system of single-phase generation and trans- 
mission to the locomotive, the conversion there of 
the single-phase to three-phase power by means of 
the induction regulator and the Scott transformation 
and the use of three-phase motors, involving as it 
would the employment of alternating current 
throughout without commutating apparatus— 
presents considerable advantages. 

The remainder of the book includes an appendix 
giving the A.LE.E. rules so far as they are relevant, 
a set of examples taken from recognised examining 
bodies, and a useful index. 

In conclusion, though a few parts of the book 
suggest hastiness in writing, we can confidently 
recommend the work to all who wish to be fully 
conversant with the subject treated. 
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LIQUID CRYSTALS. 
To tHe Eprror or ENGINEERING. 

S1z,—The article on liquid crystals se on 
page 349 of your issue of September 27, is not only of 
scientific interest and value to those students who are 
especially associated with research laboratories but to 
many who, in the domain of metallurgical practice, 
are endeavouring to understand more clearly the 
rationale of crystallisation and grain growth. 

We are indebted to Drs. Deseh and Rosenhain for 
much light on these problems as bearing upon the 
crystallisation of iron and steel, but as yet the function 
of liquid crystals in the mechanism of freezing of ferrous 
alloys is little understood. The research is admittedly 
@ difficult one, and there is little chance of being able 
actually to observe the marshalling of liquid crystals 
and their orientation in the ible phase lying between 
the structureless superheated liquid metal and the under- 
cooled phase wherein the solid crystallites first grow. 





Fic. 1. Wnuire Pia Iron; QUENCHED FROM 
Mo.ttTen IN Water. 200 Dramerers. 


Waite DEenpDrRITES, AUSTENITIC. 





Fig. 2. Wuite Pie Iron; CooLeD FROM 
Motren Stowty. 68 DIaMerTeERs. 


Dark Denprires, PEARLITE. 


It is readily conceivable that there is such a phase, and 
that its position is immediately above the generally 
recogni liquidus curve of the Austen-Roozeboom 
equilibrium diagram of the carbon-iron alloys. In 
examining microscopically carbon-iron alloys super- 
heated beyond their melting-points and quenched 
from the liquid state in water or freezing mixtures I have 
noticed that in hypo-eutectic alloys (containing from, 
say, 2 per cent. to 3 per cent. carbon) the eutectic plates 
generally run in parallel directions over considerable 
areas, traversing isolated iron c llites or dendrites 
which were the first to freeze in the primary ‘“‘ eutectic- 
plus-iron”’ liquid. These eutectic plates grow at right 
angles or nearly so to the cooling surfaces of the frozen 
mass, and in growing inwards meet with iron dendrites 
already solid or quasi-solid. The curious fact is that 
though thus opposed by such solid crystals of iron the 
direction of e eutectic plates continues without 
Anat 
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tion in many cases through the dendrites, appearing 
on the other side without cha of orientation. In the 
words of your article “these liquid crystals may drift 
along a trough across which wires have been stretched 
and float right through the wires to close up again and to 
resume their original shape, &c.,” the mysterious 





phenomenon may be possibly explained. The eutectic 





plates may first have been liquid crystals. They first 
grew under the conditions of falling temperature starting 
on their journey from the cooler outer envelope as liquid 
—_ oe = fae frozen a dendrites, 
passing by m and closing up again in their further 
advance towards the still structureless liquid mass 
centre. It has been proved that the sa observed 
by Lehmann does not merely apply to pure crystals, 
but to those which have been contaminated by gas or 
- — and other mn ie which “ qatpeneee in the 
iquid take up symmetrical positions in the crystals, 
or between p< as if they formed part of the crystal 
structure.”” Similarly in steels or cast irons the occlusion 
of gases in a fine state of division may actually be 
primarily connected with the liquid crystal formation, 
which may be specially encouraged in the case of metals 
containing eutectics or combinations leading later to 
eutectoid structures, when melted under conditions of 
high superheat (i.¢e., heated to temperatures above their 
true melting-points). In steels and cast-irons ‘*high- 
superheat”’ melting is iated with e ive gas 
and oxide occlusions, possible solution of ferrous oxide 
which at lowering of the temperature probably reacts 
with carbon and other metalloids present, and with 
coarse columnar crystalline structure os from the 
envelope of the a or casting as in the case of so-called 
“scorched ” crucible steel ingots. In a word, the liquid 
crystal phase may have a very practical bearing on many 
melting problems which to-day are difficult to solve. 

I am enclosing two microphotographs as illustrating 
the persistence of direction in the eutectic plate structure 
of a carbon-iron alloy containing about 3 per cent. carbon, 
after passing isolated iron dendrite. 

Yours faithfully, 
J. E. Firerouwer. 





Netherton Iron Works, Dudley, 
September 28, 1918. 





“TESTING AIR COMPRESSORS.” 
To tHE Epiror oF ENGINEERING. 

Sirn,—Apparently your correspondent “ Interested "’ 
is unwilling to admit that the results of a carefully- 
conducted test are of more value than figures based on 
assumptions, however plausible. 

The evidence he puts forward in support of one of 
his assumptions is not very cortvincing. He can hardly 
expect me to agree that an indicator diagram taken at 
considerably below full speed which appears to support 
his views, is to be preferred to one taken under the 
normal full load conditions which corroborates mine. 
It was sufficient to modify only two of ** Interested’s "’ 
assumptions to show that almost any result could be 
obtained by making more or less plausible assumptions. 
I might have corrected the others and made my case still 
better, but I proved my point without them. 

I have many friends among consulting engineers and 
others responsible for the installation and testing of air 
compressors, and the statement that they are people who 
know very little about air compressors is so wide of the 
truth as to be hardly worth contradicting. He will, 
I hope, pardon my bluntness, but I am indebted to such 
seallenm for much useful information on the subject 
of compressed air, and particularly as to the accurate 
measurement of it. Of course, I agree that a test sheet 
showing obvious errors is of little value, but surely he 
does not suggest that manufacturers of repute make a 
practice of sending out inaccurate and misleading test 
sheets. 

** Interested ’’ and one or two others are so obviously 
out to disparage these tests that I am afraid it is only 
wasting time to say anything further. If this country 
is to hold its own in the world’s markets after the war, 
we shall really have to pull together a bit more and not 
be so desperately anxious to belittle one another’s 
achievements. 

Yours truly, 
JouN uM. WALSBE. 

38, Constance-road, Edgbaston, Birmingham, 

October 1, 1918. 





“COAL SAVING BY SCIENTIFIC CONTROL 
OF STEAM BOILER PLANT.” 


To THe Epiror oF ENGINEERING. ; 
Srm,—May I be permitted to reply to the criticism of 
our esteemed contributor and correspondent, Mr. D. 
Brownlie, contained in his letter which appeared on 
page 326 of your issue of September 20, as to the relative 
commercial value of coal and coke as fuel for steam 
raising. One result of the coal redistribution order is the 
deterioration im the quality of gas coke owing to gas 
supply authorities being obliged to accept, from strictly 
defined areas, coal which is often relatively dirty and 
unsuitable for carbonisi Shortage of labour at the 
pits has also contribu towards the increased ash 
content of gas coal. In spite of these facts and alleged 
excessive moisture, the average evaporation obtained 
per pound of coke as fired at various London factories. 
institutions, and at the works of the more important 
public utility authorities is about 9-8 Ib. from and at 
212 deg. F. The average obtained by Mr. Brownlie 
over long periods with provincial coke is 9-25 Ib., but 
at 358. per ton Mr. Brownlie states that coke is too 
expensive. In appraising the value of gas coke due 
allowance must made for its valuable smokeless 


characteristic, as in the case of Welsh coal, the price of 
which, for this reason, is always in excess of its relative 
net eva tive value. Like all other native solid fuels, 
the pitts ey of Welsh coal has deteriorated, but the present 
price delivered in London is quoted 50s. per ton, 


a evaporation 
erably under 10 Ib. . 
average evaporation obtained 
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by one user is very ¢eon- 
As Mr. Brownlie has shown, 
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steam coal does not exceed 8 Ib. The comparative 
fuel cost of evaporation with coal and coke at current 


rates in London is, therefore, approximately, as 
follows :— 
Fuel Cost of 
Evaporation 
per 1,000 
Cost Net Gallons 
- Evaporative from and at 
‘on. alue. 212 ae F. 
s. d Lb. 8. d. 
Welsh coal .:. 50 0 10-0 22 4 
Hard steam... 40 0 8-0 22 3 
Gas coke 41 8 9-8 19 0 


Saving effected by using coke, 14-5 per cent. 


The relative price of coal and coke varies, of course, 
according to local conditions ; and it may be argued that 
the average user cannot obtain the best results with coke 
because his furnace conditions are not quite suitable. 
But that is no reason why the inefficient steam user should 
be subsidised at the expense of the gas consumer, who 
must inevitably bear the loss due to any reduction in the 
price. of coke. Boiler furnaces are usually readily 
adaptable to the use of coke, and the cost of adapti 
either mechanical stokers (chain grates) or oes 
boilers is trivial éompared with the saving to be effected. 

In reply to Mr. J. H. Anderson, I can only say that 
the normal full-load steam consumption of the London 
Coke Committee’s forced draught apparatus (3 per cent.) 
was determined by Mr. Brownlie ; and knowing as I do 
the painstaking thoroughness of bis methods in con- 
ducting steam boiler and fuel efficiency tests, I have no 
reason to doubt the accuracy of this figure. 


Yours faithfully, 
E. Ww. L. Nicot, 


(Engineer and Fuel Expert, London 
Coke Committee). 
84, Horseferry-road, 8.W. 1, 
September 27, 1918. 





THE WEIGHT OF AERO AND DIESEL 
ENGINES. 
To THE Eprror or ENGINEERING. 

Srz,—In your leader of 20th ult., dealing with the 
weights of sero engines and Diesel engines respectively, 
it seems curious to the writer that no mention was e 
of dimensional considerations. 

It is stated correctly that “‘ With internal-combustion 
engines the larger the power per cylinder the higher 
the weight per unit of power developed,” but the 
explanation “due primarily to heat stresses requiring 
a reductioa in effective mean pressure developed within 
the working cylinder and to large increases in the thick- 
nesses of metal to conduct away a sufficient percentage 
of the surplus heat of combustion’? seems to me 
misleading. 

The primary considerations are illustrated, I think, 
by the following example. 

Consider any given areo engine weighing, say, 3 Ib. 
per brake horse-power and also an exact model of this 
engine made to half the scale of the original. A little 
reflection ¥ ill show that this model would possess the 
following properties :— 

(1) It would weigh one-eighth of the original. 

(2) It would have the same air 8, bearing 
pressures, bearing and stresses (including inertia 
stresses) 1f run at the same piston speed as the original 
~ at double the revolutions) and on the same pressure 
cycle. 

(3) If it were worked on the same pressure cycle as 
the original it would develop one-quarter of the power 
of the original at the same piston speed. 

(4) Its weight per brake horse-power under the con- 
ditions of (2) and (3) would be one-half that of the 
original ; that is, 1-5 lb. per brake horse-power. 

Now an average submarine engine cylinder has a bore 
and stroke roughly three times that of an average aero 
engine cylinder, so the latter has a 3:1 advantage on 
dimensional considerations only. 

Accepting the figure 10 given in your leader for the 
ratio of weight per brake horse-power of Diesel a 
to weight per brake horse-power of aero engine, there 
remains a ratio of 3:1 to be accounted fot by the 
considerations enumerated in the article, viz. :— 

(1) Reduced M.E.P. in large engines compared with 
smaller. 

(2) Additional metal not required for strength but 
fulfilling the function of heat ducts. 

(3) Use of cheaper metals of low strength value. 

(4) Conventionally low piston speed. 

_ There are other considerations, some of them ignored 
in recent papers on the subject, but their consideration 
would unduly lengthen this letter. 

My only excuse for these comments is that the 


dimensional aspect of weight coefficients is frequently | 


lost sight of, with the result that figures for different 
sizes of engines create ite a misleading impression 
as to the extent to which further reduction is possible. 


Yours faithfully, 
H. F. P. Purpay. 

7, Essex-road, Basingstoke. 

{If all practical factors be neglected the weight of an 
engine may be said to vary as the cube of the linear 
dimensions, and as a check in estimating weights this 
Tule is-often used as a guide, the dimensions being the 
cylinder di t q ad multiplied . by the. stroke. 
If a constant piston speed be assumed, the power may be 
said to vary as the square of the diameter, so that, on 





this aceount, the r the engine, the greater the weight 
per unit of r developed. On the other hand, 
practical co rations limit the minimum dimensions, 


more particularly thicknesses, for many of the parts of 





an engine, and low -powered engines tend on this account 
to come out relatively heavy, counteracting the law 
mentioned by our correspondent that the weight varies 
as the cube and the power as the square of the dimensions. 
Relatively constant weight per unit of power over a 
considerable of size of engines of similar type is 
actually the case in practice.—Eb. E.] 





THE STORAGE OF PETROLEUM. 
To tHE Eprror oF ENGINEERING. 

S1r,—We read withenuch interest the article = i 
in your September 20 issue under heading “The Storing 
of Petroleum.” We notice that attention is drawn in 
this article to the possibility of extinguishing burning oil 
in a tank by “a blanket of foam,” and we think it 
possible that the writer may have had in mind the 
system of oil fire berry ee ocen known as “ Foamite,”’ of 
which our friends MacAndrews and Forbes Company, of 
New York, are the ne apne The author states : 
*“* Tf the fire is on the , smouldering embers will fall 
back into the tank causing re-ignition of the whole mass, 
though the fire along the surface of the oil way have been 
previously enched”’; but with the “‘ Foamite”’ 
system this risk is eliminated. 

We have before us as we write an account of a fire 
which occurred at the Tank Farm of the Southern Pi 
Line Company, Millway, Pennsylvania, in one of the 
94-ft. diameter tanks having a up! of 35,000 barrels, 
with a wooden roof of 1-in. s. In this instance the 
roof fell in immediately, but held partly to the sides of 
the tank, making an inverted cone, the foam in the 
angular space surrounding this cone was not able to 
reach the oil burning it it, so that it was necessary to 
attach foam hose connections to the ‘ Foamite”’ 
apparatus permanently fixed to the tank and to play 
into the centre of the tank. At about the same time the 
cone split allowing the foam in the angular to 
reach the centre, 25 minutes from the time of ignition 
the oil fire was completely extinguished. The wooden 
portion of the roof remaining under the steel sheets of 
the roof continued to burn, but the oil being covered with 
foam did not re-ignite. 

As the author states at the commencement of his 
article, provision of safety from ignition has been given 
a great deal of attention in the United States, and 
doubtless now that the storage of oil in Great Britain 
is being done on a large scale the experience gained in 
America will not be neglected by those interested in the 
oil trade in this country. 

The method of isolating tanks with a view to protecting 
them from fire as described in the article is a good one, 
but you will doubtless agree that if a system of fire 
appliances can save the contents of even one tank it 
would be an improvement to the method of allowing 
the contents of such tank to burn out and the consequent 
wreckage of the tank itself. From the many reports we 
have received from America a very small quantity of oil 
need be lost and the tank itself saved if the ‘‘ Foamite ” 
os is attached. 

t may interest you to know that practically all large 
oil producers in America and Mexico have adopted the 
“* Foamite ” system, and that well over 6,000 tanks are 
protected by this method. The list of firms adopting 
same include such well-known names as— 


The Standard Oil Company. 

Gulf Refining Company. 

Vacuum Oil wig = snae' & 

Anglo-Mexican Petroleum Oil Company. 


And among the big industrial concerns are— 


The Bethlehem Steel Works. 
Du Pont de Nemours Powder Company. 


The United States Navy, with characteristic per- 
jicacity, at once adopted the hand extinguishers on 
their oil-fuel vessels. Our own Admiralty have also 
evinced considerable interest in this system and pre- 
liminary tests are reported by them as satisfactory. 
If any of your readers wish to have further information 
and particulars about this system we shall be pleased 
to give them full details if they will write us. 
We are, dear Sir, yours very truly, 
MACANDREWS AND Fores, Limirep. 
(D. Asusy Fetrtow, Director.) 
2, Broad-street Place, London, E.C. 2. 
October 2, 1918. 





PATENT LAW REFORM. 
To THe Eprror or ENGINEERING. 

Srr,—On once more returning to this subject, might 
I ask your support in impressing upon the deputation 
which is to wait on the President of the Board of Trade 
almost directly; to make the following su tions its 
principal text, when there is a possibility of some 
practical good being accomplished. 

“We ought to have the same Patent Laws as America. We 


ought also to have an Empire Patent. With all the overseas 
representatives here, this could easily be ormegnt. nae Sir 
Robert Hadfield, Bart., in morning press, Se r 26, 1918. 


In addition, a comprehensive and sound report by the 
Institution of Electrical Engineers has been accepted 
by the Conference as forming the basis for the criticism 

the proposed two new Bills pte | before Parliament. 
The report justly points out by inference that patents 
are granted to reward inventors, and that they should 
not be subject to conditions which simply amount to 
the legislation of robbery. i 

irement of compuisory working is, of course, 
not a rn requirement at all, I believe it is found 
in Letters Patent granted in the reign of Charles 1; if not 
earlier. The philosophy of the subject is at least aa 
old as the French Revolution, but surely by this time 


Ting | people. 





we ought to have got a long way from that! The whole 
— is, however, in my humble judgment, based on 
a fallacy. 


It is ae, Age Jey out that when the Act of 1907 
was , Mr. Lloyd George and others exulted over 
the circumstance that Germans were going to be com- 


lied to put up factories in Great Britain. In actual 
act, the Act did not have anything like the effect that 
it was to have. The point is, however, that in 
so far as Act may have led to the establishment of 


factories by Germans in thi« country, it simply led to the 
introduction of a number of very highly undesirable 
It will probably take us a long time to eliminate 
the undesirable element for which we have to thank 
the Act of 1907. Do we want to compel the Germans 
to come over here? If we do, then let us have com- 


working, or, for that matter, compulsory 
co tion. we do not want them, then for Heaven's 
sake *t invite them. 


As regards the present obnoxious renewal fees, these 
ought in any case to be materially reduced ; but, beyond 
all that, there is no provision in the p Bill for the 
establishment of an official search through prior literature 
other than British Patent Specifications, which, of course, 
— all, leaves any so-called officia) search a mere 

farce. 

What, I wonder, in all conscience, is the matter with 
the American patent system? Under it, these objections 
are eliminated; there are no renewal fees, no com- 
pulsory working, but no patent is granted unless it can 
stand a world’s search; in comparison, the existing 
American system has stood the test of @ century, 
has encouraged invention, and has been emi 'y b 
and possibly its only objection is that it is anything but 
German!! In the same period of time we in Britain 
have had numerous Patent Acts, mostly on German 
lines, and not one of them has been worth a cent so far 
as the encouragement of invention and progress is 
concerned, as the report of the Electrical itution for 
the guidance of the deputation and the Board of Trade 
easly shows. 

I refore continue to be in full agreement with 
Sir Robert Hadfield in advocating the adoption of 
similar patent laws as the United States under a British 
Empire patent system, and in abjuring anything 
approaching German lines or Faeroe oo 

ours faithfully, 
James KEITH. 

‘“* Highlands,” Vernon-road, Leigh-on-Sea, 

September 27, 1918. 





Unrrep States MaGnesite.—The output of magnesite 
in the six months to June 30, 1918, was about 93,700 
tons, according to Mr. R. W. Stone, of the United States 
Geological Survey. The California output enters in this 
total for 47,600 tons and the Washi m output for 
46,100 tons. The rate of output in California was about 
50 per cent. less and the rate in Washington about 
88 per cent. less than last year. 





University oF Lonpon, University CoLLEeGE.— 
A course of six lectures on “* The Scientific Problems of 
Radiotelegraphy ’’ will be delivered by Professor J. A. 
Fleming, M.A., D.S8e., F.R.8., University Professor 
of Electrical Sogvecring, on Wednesdays at 5 p.m., 
beginning October 30, 1918. The course is open both 
to members and non-members of the University. Fee, 
ll. lls. 6d. Application for tickets of admission should 
be made to Mr. Walter W. Seton, M.A., D.Lit., University 
College, London (Gower-street, W.C. 1). 





Mercuant Sxipsvitpine Ovurrut, SerremMBer, 1918. 
—The tonnage of merchant vessels completed in United 








Ki om yards and entered for service during September, 
1918, compared with preceding periods, is given below :— 
Gross. Gross. 
Tons. Tons. 
Month. 1917. 1918, 
January ... , 48,089 58,568 
February 79,451 100,038 
March . 118,699 161,674 
April 69,711 111,533 
ay 69,773 197,274 
June 109,847 134,159 
July 83,073 141,948 
August ... 102,060 124,675 
September 63,150 144,772 
Total, nine months to 
September 30 z 743,853 1,174,641 
Total, twelve months 
to September 30 .. 957,185 1,504,262 





Aw Exuinition or “ Key” Inpustrizes.—Mr. H. J. 
Mackinder, M.P., chairman of the Tariff Reform League, 
desires to draw attention to the fact that, by permission 
of the Ministry of Munitions, an Exhibition of new 
British and “Key” Industries, organised by the 
Industrial Section of the League, will be held at the 
Central Hall, Westminster, on. The exhibition 
will be opened, by ticket only, on Monday next, the 

i he general public, admvissior free, on 
and after Tuesday, the 8th inst. It will remain open 
until the 22nd inst., aiter which it will be shown in 
Manchester and other leading F ew many centres of 
population. The object of the exhibition is to illustrate 


the facts the more important of the so-called 
“ key ”’ or ** piv ” industries recommended for special] 
treatment by the Government Committee on Industrial 
and Commercial Policy after the war. 








384 


ENGINEERING, 


[Ocr. 4, 1918. 








THE LATE DR. HENRY DYER. 


We regret to have to record the death, which 
occurred on Wednesday, September 25, of Mr. Henry 
Dyer, C.E., LL.D., chairman of the Glasgow School 
Board, and a well-known amg 

Dr. Dyer was born at Bothwell, in 1848, and received 
his education at Wilson’s Endowed School, Stane, 
Notts, at Anderson’s College, Glasgow, and at the 
University. He served an apprenticeship to the 
engineering trade under Mr. A. C. Kirk, LL.D., and 
entered the University when he was twenty years of 
age, where he graduated M.A. and B.Sc. in 1873. 
In 1890, he took the degree of D.Sc. Towards the 
close of his university course, in 1872, Dr. Dyer received 
through Professor Macquorn Rankine, Professor of 
Engineering at the University, and Mr. H. M. Mathieson, 
the agent in London of the Japanese Government, an 
offer of the position of principal of an engineering 
college it was prepress to found at Tokio. He had 
made a special study of the methods of imparting 
instruction in engineering pursued in the chief centres 
in this country and abroad, and he accepted the 
appointment. In this position, Dr. Dyer did excellent 
beer work for Japan, many of his students 
now filling yr sages positions in the industrial under- 
takings of the country. He remained ten years in 
Japan, during which time the college was firmly 
established. As marks of appreciation of his services, 
Dr. Dyer received from the _emeen the Order of the 
Rising Sun (Third Class), and the Government con- 
ferred upon him the title of Honorary Principal of the 
college; a few years later the Emperor conferred 
.upon Dr. Dyer the Second Class of the Order of the 
Sacred Treasure, He was also one of the three 
foreigners whose name was placed on the roll of the 
Engineering College and in the chronology of the 
Imperial Ministry, at Tokio, an honour all the greater 
since it is not the custom in Japan to refer to individuals 
in Government records. 

Dr. Dyer established later a consulting engineer's 
practice in Glasgow, and was frequently called upon to 
arbitrate in disputes between firms engaged in the 
manufactured steel trade and their employees. On 
the establishment of the Board of Conciliation and 
Arbitration of the Manufactured Steel Trades of the 
West of Scotland, he was appointed deputy-chairman. 
Through his intimate knowledge of the trade, and his 
strict impartiality Dr. Dyer enjoyed in an exceptional 
degree the confidence of both masters and men. He 
took a deep interest in education, especially from its 
technical side, and with ample leisure at command he 
was able in this important matter to render valuable 
services to the community. Soon after his return 
from Japan he was appointed one of the trustees 
of the Young Chair of Technical Chemistry in Ander- 
son’s College ; and when that Institution was merged 
in the Glasgow and West of Scotland Technical College 
in 1886, under the Educational Endowments Act, he 
became a life Governor of the Technical College. He 
was also a Governor of Glasgow and West of Scotland 
Agricultural College. For a long period Dr. Dyer 
served on the Glasgow School Board, of which since 
1914 he was chairman. To the general work of the 
board he gave unremitting attention ; and he specially 
devoted himself to the development of the continuation 
classes. 

Dr. Dyer was a voluminous writer. His published 
works include ‘‘ Dai Nippon: the Britain of the East,” 
an authoritative work on the rise and progress of 
Japan; “The Evolution of History,” ‘ Science 
Teaching in Schools,” and “ Education and National 
Life.” For a considerable time Dr. Dyer had been 
engaged on a work dealing with industrial recon- 
struction and education. He also contributed to 
periodical literature numerous articles on educational, 
literary ‘and social subjects. The honorary degree of 
LL.D. was conferred upon him by Glasgow University 
in 1910, and five years later he received the degree of 
Doctor of Engineering from Japan. 





Tae Inpvusrrtat Reconstruction Counci.—A 
conference on Interim Industrial Reconstruction Com- 
mittebs will be held under the auspices of the Industrial 
Reconstruction Council on Tuesday, the 8th inst., 
at 6 p.m,, in the hall of the Institute of Journalists, 
2 and 4, Tudor-street, E.C. 4. The subject will be 
introduced by Mr. W. Henderson Friugle, of the Ministry 
of Reconstruction, after which the discussion will be 
open. No tickets are y: 








Tri-Lryovat ARTILLERY Drictionary.—We have 
received from Mesers. Charles Griffin and Co., Limited, 
the English—French-Italian section of a Tri-Lingual 
Artillery Dictionary which they have now blished. 
It meaeures 4} in. by 3} in., and contains 92 pages of 


artillery technical terms in the three y= The 
work has been prepared by Mr. Edward 8. gson for 


the artillery officers of the Allies and others immediately | The 


concerned with this branch of the Service, by whom it 
will be found useful. Each section is sold separately 
at the price of 5s. net, postage extra. 





THE GERMAN IRON INDUSTRY. 


A reEport from the Rhenish-Westphalian district 
states, that both the production and the sale of iron still 
show the stimulus of the war, although the requirements 
of different war departments are less t than some 
time ago. The general open market has nm somewhat 
assisted in consequence, and more iron has been available 
for peace purposes. At the same time the milita 
authorities maintain their control over the entire steel 
industry and do only relieve any steel or iron on the 
production of urgency certificates. The production in 
every respect shows an improvement over the winter 
production. This more especially applies to pig-iron, 
due to larger supplies of coke for south-west German 
iron works. The works are also well provided for the 
winter, having secured fair stocks of coke. The usual 
sho <a voling sneak in the autumn has already set 
in, and naturally affects mostly the more distant and 
out-of-the-way industrial districts. 

The production of steel has so far been kept at a 
satisfactory level, and the increased use of scrap favours 
the Siemens-Martin steel process, which in output now 
equals that of Thomas steel, whilst in times of peace 
the proportion was about 2 to 3. The supply of scrap, 
however, is decreasing, and the same will be the case 
with the production of Siemens-Martin steel. The 
export to the East, Ukraine and Roumania, will therefore 
be limited, as the supply of certain classes of goods is 
impeded by an insufficiency of hard steel material. 
Some works have also received orders from former 
Russian customers, but the unstable state of affairs 
interferes with business in that direction, and works 
have still to rely upon work for the war departments. 
In industrial circles all are, however, agreed that they 
have enough of existing organisations, and that a further 
extension of them by no means is desirable. Instead 
of schedules and restrictions and coercion it is most 
urgent that the doors should be thrown wide open for 


the free development of the industrial forces, in every | P 


direction. 

The question of raising the prices of iron products 
has again come to the fore owing to the higher prices 
for fuel which came into operation on September 1. 
The prices now in force were more than a year ago, 
and were established as maximum prices from January 1, 
1918, and were again confirmed on May 1. In spite of 
this, the works have repeatedly endeavoured to obtain a 
rise, but so far all these efforts have been in vain. 
An increase is more especially called for in the matter 
of iron ore, half-finished products and wire, but on the 
other hand there are articles, for which the current 
prices may still. be considered fairly satisfactory. In 
the fixing of new prices the expected pig-iron tax of 
5 marks to 10 marks per ton must, of course, be taken 
into consideration. F 

As far as the supply of raw materials is concerned, 
the iron industry appears so far to have overcome all 
difficulties. - During whole of the war there has never 
been any shortage of phosphoric iron ore, and the 
yoatestice of Thomas iron and Thomas steel has there- 
ore 4... along been emanate and am Soe fallen short 
of the peace production. ore containing 
the supply bas been maintained during the war, although 
there has been some difficulty as regards ore with a high 
percentage of manganese. By reopening some old 
deposits in Siegerland, in the Lahn district, and in Upper 
Silesia, matters have been kept going, although the 
production has had to be bam 4 within certain limits. 
So far the production of quality pig-iron has sufficed 
for the requirements of the military authorities, but 
there is no material available for other any 
longer. Of Luxemburg pig-iron there has always been 
po ge to satisfy the home market, and small quantities 
could now and again be spared for abroad. During 
the last few weeks the Pig-Iron Union has been able to 
supply the consumers a little more liberally, owing to 
t + A A 45 





pr Attempts are again being 
made to supply the foundries with some stocks for the 
winter. At the rolling mills, railway material is at 


present particularly to the fore. Owing to the large 
current contracts with the Prussian Hessian State 
Railways, all other orders in this branch have to be held 
over. After lengthy negotiations the railway depart- 
ment has coumeabed. to a slight, but inadequate, rise 
in the prices, the cost of production having increased 
very materially. As regards field railways, matters are 
somewhat easier, part of the material of the ae 
railways having been placed at their disposal. Girders 
and sha: irons are at present of less importance, their 
production being ent on the requirements of the 
military authorities, and there is no production for 
private p . The supply of bar iron is also 
cxttounsly Inited, as —_ small ntities are given 
free. Permits are certainly granted for completion of 
stocks, but no works effect deliveries unless e tional 
conditions prevail. Attempts which are now again 
being made already now to place orders for the time after 
the war naturally have been entirely futile, no works 
under the present unsettled conditions entertaining them. 
For hoop iron there are emmy Egy egy from the East 
from Finland and Ukraine ; t the works do not 
qectem,  Meevy pistes wromin folly glastticl, bes the 
quarters. eavy plates re irly plenti t ti 
production of thin plates is altogether inadequate, 
there is a wide gap m supply and demand. Wire 

are comparatively quiet, and the reduction 
in output refers more especially to barbed wire, the 
military acthorities having materially reduced their 
orders. Rolled wire 


locomotive and boiler makers, as well as the shipyards. 





Substantial quantities of well tubes go to Roumania. 
Steel tubes are also used for gas bottles and hand mines, 
and tube works continue fully employed, and will remain 
so for some time to come. 

The Government continues to exert a serious pressure 
upon the iron and steel industry in connection with 
the prolongation of the Steel Union. The demand has 
been made in a somewhat urgent manner, that the large 
iron works must now decide upon a fundamental system 


TY |for the future Steel Union, or the interference of the 


Government may be looked for, as in the matter of the 
coal syndicate. How the new rules are to be formed 
does not appear to interest them particularly, only the 

ernment wants one or more unions to be promptly 
formed and of several years’ duration. It is, however, 
a question, whether matters will move em 80 quickly, 
as be authorities seem to Neer — or the obstacles 
in the way of forming a la comprehensive union are 
rather ‘ao than otherwise." The different con- 
ditions under which the various concerns work and the 
uncertainty as to how the market will frame after the 
conclusion of peace, more especially in connection with 
the e constitute questions which make the matter 
far more complicated than what was the case with the 
coal icate. It must also be remembered, that the 
Steel Union is not popular amongst its members, that its 
influence dwindles from year to year, and that attempts 
ata ete A solution have been going on for a decade 
or so without leading to any such definite result as the 
Government now tries to enforce by a mere decree. The 
most likely outcome appears to be a temporary union 
for, say, twelve months. 





ENGINEERING INVESTIGATION IN Brazit.—The Govern- 
ment, through the Department of Overseas Trade, are 
embarking upon another investigation abroad, this time 
they have agreed to share the cost with the British 
Engineers’ Association of an investigation into the 
rospects for the engineering industry in Brazil. The 
investigator, whose name will be announced very shortly 
will spend probably twelve months in Brazil, and his 
reports will cover the whole field open to. engineering 
enterprise. In carryi out this investigation we 
understand that the council of the association is not 
animated by any hostility towards the merchants and 
other existing channels through which engineering 
business has been carried on. They are desirous solely 
of obtaining for their members information of the 
requirements of the Brazilian market, the openings for 
A plant and machinery and particulars of the 
methods of doing business most likely to suit possible 
purchasers and users. It will be open to members who 
receive these reports to do business in any way they like. 
Some members of the association are already established 
in Brazil with branch houses, others already do business 
through the merchanting and importing houses. There- 
fore one result of this investigation should be to make 
manufacturers more willing to adapt their products 
and methods to local interests and in this way this in- 
vestigation should make it easier for merchants to supply 
their Brazilian demands from British sources. The 
address of the association is 32, Victoria-street, 8.W. 1. 








PorasH From Buiast-FurNAcE Dust.—To c with 
the potash position, says The Board of Trade Journal, 
a new branch of the Ministry of Munitions was formed 
in June, 1917, the Potash Production Branch, with 
Mr. A. 8. Esslemont, C.B.E., as Controller. The branch 
had a great asset in the fact that it could commence work 
armed with the results of some very valuable experiments 
carried out by Mr. Kenneth M. Chance, a director of the 
British Cyanides Company, Limited, and Mr. Lennox 
Leigh, of the North Lincolnshire Iron Company, on the 
production of potash as a by-product in blast-furnace 
worki In the autumn of 1914 an advertisement was 
inserted in the technical press by the North Lincolnshire 
Iron Company, offering for sale the dust collected by 
their newly-installed gas cleaning plant from their blast 
furnace _—_ This advertisement attracted the notice 
of the British Cyanides Company, who made arrange- 
a with a North Lincolnshire ee ae 

oint investigation upon the possibili we up 

Linet furnace dust available into commercial products was 
to be conducted. In April, 1915, the first investigations 
were made, but owing to alterations in the plant that 
were soon found necessary, it was not unti a in 
1916 that direct experiments could be begun. ter 
a long period of painstaking and scientific work, Mr. 
Chance developed his idea that the addition of a small 
proportion of common salt (chloride of sodium) to the 





charge of the furnace would rel the potash present 
in the ore and cause it to be volatilised with the emerging 
ium chloride. e scale tests, con- 


_ as potassiu c 
ucted during a considerable period, led to the conclusion 
that this process was not only successful in releasing 
very much larger quantities of potash in the dust, but 
also that it was in no way deleterious either to the 
ality of the pig-iron produced or to the lining of the 
urnaces. As a result of these experiments, it was 
estimated that it would be possible to recover by suitable 
means & maximum of 50,000 tons of potash salts per 
annum from blast-furnace dust alone ; enough practically 
to meet the needs of the country. The t advantage 


gree somg? 
and | of this dust as a raw material for potash supplies lies 


in the fact that the cost of its recovery may be 
as negligible ; uct of the 
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STEAM HYDRAULIC PLATE SHEARS. 


CONSTRUCTED BY MESSRS. DUNCAN STEWART AND CO., LTD., ENGINEERS, GLASGOW. 

















Fie. 13 


We illustrate on this page and on Plate XXX, a | the cast steel rocking levers oscillate. They are further 
set of steam hydraulic plate shears, one of which has | tied together at the bottom by the cast iron knife 
been made by Messrs. Duncan Stewart and Co., | holder, and a heavy cast iron box section girder bolted 


Limited, London Road Iron Works, Glasgow, and two 
more are in the course of manufacture. These are for 
cold shearing steel plates of a tensile strength of 40 
tons per square inch. Two of the sets are for cutting 


plates up to 1} in. thick, 8 ft. long at one stroke, and the | 
other for plates 1} in. thick, 11 ft. long. The shears | 


are very quick in action and will make 20 cutting 


strokes per minute when cutting plates two thirds of | 


the maximum thickness. 

The illustrations, being in detail, give a good idea 
of the design, size, strength and compactness of the 
plant, while the sectional drawing of the plant enable 
the handing and operation of the machine to be under- 
stood. A perspective view of the shears is given on 
this page. On the two page plate, Figs. 2 and 3 show 
the general arrangement, Figs. 4 and 5 details of the 


intensifier, and Figs. 6 te 12 show fully the shears. | 


It is not therefore necessary to enter upon a full 
description. 

The steam hydraulic intensifier (Figs. 4 and 5) is 
of the inverted type fitted with the rapid action 
automatic controlling and safety gears, which, in 
addition to cutting off automatically the steam to the 
intensifier at a point corresponding to the ition of 
the handing lever, also prevents the handing | ane from 
being moved further in the steaming direction than 
is necessary to steam the intensifier at the particular 
position the piston occupies in the cylinder. The 
shears (Figs. 6 to 12) have a gap of 36 in. enabling 
6 ft. wide plates to be split down the middle. e 
side frames are massive steel castings tied together at 
the top by a large diameter forged stee) shaft on which 


| 
| 





in between the standards. The hydraulic oylinders 
are of cast steel, the rams are of chilled iron, ground 
on the working surfaces. Ball bearings are fitted in 
the top surfaces of the bolster to facilitate the easy 
manipulation of the plates. To the shears are fitted 
three cramping rams to hold the plates in position 
during cutting. 

In addition to these shears, Messrs. Duncan Stewart 
and Co., Limited, have in hand a large number of 
forged presses, slab shears, billet shears and rolling 


mills to the designs of Mr. T. E. Holmes (late of Messrs. | bea 


Davy Brothers, Sheffield) who has joined this firm, 
To enable them to meet increasing demands they have 
nearing completion a large and well equipped engi- 
neering works. 





Matay Tix Deposrrs.—In his annual report for 
1917 Sir E. L. Brockman writes as follows, says The 
London and China Telegraph: Leaving out of the 
question the paramount necessity of producing as much 
tin’as is required for war purposes, the question of the 
future of the tin industry in the Federated Malay States 
is one which deserves grave consideration. e tin 
deposits of the Federated Malay States are not in- 
sokementtiine but they have been, and are being, drawn 
upon at a very rapid rate, and those who are responsible 
for the administration will after the war have seriously 


| to consider whether they will best serve the interests of 


this country and of the British Empire, and, indeed, of 
the world generally, by encouraging the more rapid 
exhaustion of the tin deposits, or whether it will not be 
more prudent to adopt a policy which will tend to con- 
serve rather than promote the waste of this valuable 
metal. 


SOME USEFUL TESTING MACHINES.* 
(Concluded from page 356.) 


Hardness Testing Machines.—The various forms of 
impact and pressure machines for determining the 
several values of hardness of metals are now well known, 
and serve the useful purpose of being able to connect b 
a simple factor the hardness value with a close approxi- 
mation to the tensile strength of the material. Table III 
gives a useful list of equations connecting the tensile 
strength in tons per square inch of various steels, both 
alloy and plain carbon, with their hardness on the 
Brinell and the Shore scleroscope scales, as also the 
relation which exists between these two scales for the 
steels concerned, 


Taste III. q ting the Tensile Strength in 
Tons per Square Inch with the Hardness of various 
Steels on the Brinell and Scleroscope Scales, aleo the two 
Scales with one another. 
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T.S. from T.S. from Brinell No. 
Steel. Brinell No. | Scleroscope, from 
— Value, “8.” | Scleroscope 
Carbon ..| 0-325B—12-5 | 1-965—12-5 | 5-68+4-0-14 
Nickel ‘a ..| 0-318B—14-3 | 1- 2-7 | 5-08+0-48 
Chrome-Vanadium | 0-318B—12-9| 1-878— 9-4 | 5-58+0-27 
Low Chrome Nickel | 0-304B— 9-8 | 1- — 0-45] 5-48+40-33 
High chrome nickel | 0-318B—14-7 | 1-658— 1-34) 4-88+-0-58 
Average .| 0-8312B—11-6 | 1-808— 6-7 | 5-58+40-28 
Fig.8. 
r+----5 = 
' i) 
'@ i 
H 1 . 
lel 
iO} 
' ' 
| 
(5648 £) 


One method of performing the Brinell test is by the 
insertion of a special carrier in the crown of the Amsler 
testing machine and bringing up the pressure to the 
required amount on the test-piece, méasuring its value 
on the dial scale (Fig. 8). The diameter of the imprss- 
sion may be read with sufficient accuracy by means of a 
transparent taper scale, and the corresponding hardness 
value in kilogrammes per square millimetre may be de- 
rived from a graph made on logarithmically-squared 
paper to save the use of long tables of figures. 

stead of the diameter, the size of which is sometimes 
doubtful in the case of soft metals, it is often preferable 
to measure the depth of the Brinell ball imprint to get 
the area of the cavity in terms of the product wD ¢, 
where D is the ball diameter and ¢ the impression depth, 
both in millimetres, Messrs. Amsler Brothers have 
a very neat form of depth indicator which may be 
inserted in their compression machine in the same wa 
as the ordinary bolster carrying the plain ball. In this 
case the ball is held in a somewhat longer chuck, which 
passes through the body of the depth-measuring instru- 
ment made of bronze and provided with a collar carrying 
a very fine screw thread on the outside, and engaging the 
ball chuck by friction. The outer body of the instrument 
ring the scale graduated in twentieths of a millimetre 
supports a ball-and-socket ring loosely held by three 
screws, and any motion of the ball chuck relative to the 
frame pushes open a retaining spring, lowers the finely- 
threaded screw collar, and rotates a pointer over the 
graduated scale. The method of operation is exceedingly 
simple, and the zero adjustment can be quickly and 
accurately performed. The smooth metal surface of the 
specimen to be tested is raised by the support in the 
cradle until it engages the 10 mm. steel ball, then the 
body of the instrument is slipped down on the chuck 
till the ring rests on the test-piece. By pulling out the 
disengaging handle to the left, the pointer swings loose, 
and can be brought near to the zero mark before again 
engaging the screw. If the pointer still misses the zero 
mark, the milled head of the screw can be rotated slightly 
to make the coincidence exact. The desired load is next 





* Abstract of paper read by Mr. H. 8. Primrose, M.I.M.- 
metallurgist, Messrs. Crittall Manufacturing ee 
Limited, Braintree, and Mr. J. 8. Glen Primrose, A.R.T.C., 
me ist, Messrs. Ransomes and Rapier, Limited, 
Ipewich (members of the American Society for T: 

aterials), before the West of Scotland Iron and 





Institute, February 15, 1918. 
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applied, and the ball, entering the metal under pressure, 
carries the pointer over the scale to a point indicating 
the depth of penttoniins, Elastic deformation must be 
allowed for by releasing the load to all but about 20 Ib., 
and then reading the correct depth. The construction 
of this compact instrument is shown in the diagram, 
Fig. 8. 

A more recent form of the same type of depth indicator 
made by the firm of Amsler Brothers is shown in Fig. 9, 
which illustrates the application of the same principle 
in the determination of nines by means of the 90 deg. 
angle Ludwik cone. The knurled ring surrounding the 
cone rests with it at the same level on the smooth 
surface of the test specimen. When the cone, under 
pressure, entera the metal the knurled ring remains on 
the surface and pushes back the outer frame of the 
instrument and thus rotates the pointer over the scale, 
each division of which ee a depth of penetration 
of one-hundredth of a millimetre. 

Guillery Hardness Testing Machines.—A very useful 
form of portable hardness-testing machine, the results 
from which can be arrived at without any measurement 
or calculation, is that —— by R. Guillery and made 
Py Messrs, Malicet and Blin, of Aubervilliers, France. 

e simplicity of construction is readily seen from the 
illustrations of the machine given in Figs. 10 and 11. 
The iron frame A contains in its lower part a powerful 
spring R which is made up of a number of discs forming 
a Belville spring. This is accurately standardised to give 
a pressure of 3,000 kg. to a plate Q carried on the central 
rod B passing through the spring, and this rod rests on 
the knife edge C. The forward movement of the hand 
lever G causes the cam to raise the bent lever D about 
its fulerum and apply the load. The milled head I 
serves to rotate the screw V by friction, but this slips 
round immediately the hardened steel ball H, clipped 
securely to the screw, comes into intimate contact with 
the test-piece placed on the supporting plate Q. The 


semi-circular scale M is attached to the upper part of the 
frame, and the pointer L is carried by t friction on 
the plate J, which rotates with the screw V. In working 


the machine, the hand lever is first pt back into the rear 
position, and the test-piece is lightly grip; between 
the ball and the su ing plate by advancing the screw 
by means of the milled head until slipping takes place 
and the screw ceases to move. Then the pointer is 
brought over the zero mark of the scale, the hand lever 
is brought forward to the front position, where it remains 
without being held for the required time, and it is then 
put back into its first position. In this way the ball 
comes out of the impression it has made and the screw is 
again free to advance and engage the surface of the metal 
in the indentation, The driving head I is therefore 
rotated until the screw goes no further and slipping 
occurs. This operation carries the pointer over the 
graduated scale to the same angle that the screw has 
turned, and for soft metals this operation of applying 
the pressure and advan the ecrew is repeated till the 
screw will advance no . This then measures the 
depth of the imprint, but the graduations on the scale 
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largest shells to be tested for hardness in any side position 
across a diameter. A sectional view of this machine 
is given in Fig. 12. 

Impact-Testing Machines.—The importance of the 
impact test is gradually coming to be more widely recog- 
nised, and a valuable impulse to its adoption has been 




















specimen was not objectionable, but merely resting in 
its place. 

© swinging pendulum type approved by the Inter- 
national Association is well known, but the Amsler 
vertical drop-weight machine mentioned by Charpy is 
less well known, and has recently been superseded by 
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Fries. 10 To 12. Guitumey Harpwess Testing MACHINES. 


are so arranged that it is not the actual depth which it 
indicated, but the corresponding Brinell hardness number. 
The sole precauti ded is to ensure that intimate 
metallic contact exists between the ball and the test-piece, 
since any scale will spoil the correctness of the reading, 
which is ordinarily quite sufficiently accurate for com- 
mercial nop one e hardness value can always be 
checked by measuring the diameter of the imprint in the 
usual way. A large size of thie type of hardness tester 
has recently been brought out by Guillery, but as it 
works in the horizontal direction it readily enables the 








iven by the latest results of the Committee of the 
ternational Association for Testing Materials, which 
were published recently by Charpy. He tested several 
different types of machine, which although working on 
such different principles as the drop-weight, the — i 
pendulum, and the rotating flywheel, yet were foun 
to give strictly comparable results, and these were 
found to be quite independent of the weight and speed 
of the tup used, and also of the weight of anvil used, 
provided, of course, that the steel used is thoroughly 
normalised, and that the method of holding the test 


a new form of swin, hammer. This is shown in side 
view in Fig. 13, onl cnnaiate of a heavy cast-iron base 
to which are bolted two upright channels supporting the 
pendulum and the elevating winch which can raise the 
pendulum either to left or right, d ding u how 
the detachable hook is attached. falling from the 
left side the weigh), breaks the test-piece transversels 
and when falling the right, t e impact tests are 
made. A friction clutch holds the swinging arm im any 


desired position as the windlass raises the bob weight, 





and the operating handle cannot be moved by the weight 
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itself, but only by the operator. On pulling the release 
cord, the hook is detached and the op falls freely, and 
after breaking the bar it swings up on the other side of 
the machine. Instead of swinging back, however, it is 
held in its position of maximum height by a third cord 
passing round a drum and acting as a brake. The 
circular weight at the end of this cord exerts a sufficient 
pull to prevent the pendulum from falling back from any 
position until it is released. To measure the energy 





Guillery Impact-Testing Machines.—The most con- 
venient type of impact tester for works practice which 
entails the minimum of effort and calculation, is the 
rotary dynamometer tup or rotating flywheel made by 
Malicet and Blin to the design of M. Guillery. The latest 


form of this machine consists of a flywheel of such shape 
and size that when rotating at 302 r.p.m. the velocity 
of the striking knife is the same as that of a body falling 
freely from a height of 4 m: (say 29 ft. per second). 








pte 





the wheel when the tests are completed. The connection 
between handle and wheel can be made readily when the 
wheel is in motion. An ingenious device throws the 
handle out of gear if it is attempted to turn the wheel 
in the wrong direction. The equivalent height of drop 
and the energy absorbed by the impact are read on the 
tachometer tube, the scale of which gives the highest 
reading when the wheel is at rest and adjusted to coincide 
with the 60 m.-kg. mark by means of a milled screw. 
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Fies. 14 anp 15. Pomp ror Guititery MAcHINE. 


absorbed by a blow of the pendulum the difference is 
noted between the readings of two scales provided on the 
vertical supports. The elevation of the weight moves 
& pointer over the first scale to show the energy stored 
before the blow, and the swing of the pendulum carries 
another pointer over a second scale to indicate the 
residual amount of energy after the blow. The change 
over from transverse impact to tensile impact test is 
readily accomplished by unhooking the elevating cord 
from one side of the tup and fixing it to the other side, 
then the windlass is wound up by turning the handle 
in the opposite direction from before. 





Fia. 








16. Guttiery Iwpact-Tzestinc MAacHINE. 








Fie 17. 


The moment of inertia of the wheel is such that when 
running at this speed, the energy stored in it is 60 m.-kg. 
for the one size, and 275 m.-kg. for the heavier type of 
wheel, approximately 440 ft.-lb. and 2,000 ft.-lb. respec- 
tively. e lighter machine may be compared to a 
falling tup or ‘monkey ” of 15 kg. weight falling from 
various heights up to 4 m., and these are registered by 
one of the speedometer scales. It is usual to work up 
to the highest reading and capacity of the machine, 
and for this reason the scale for measuring the enérgy 
absorbed in the blow has its zero at the top of the tube. 
The flywheel of the machine is made to rotate by a 
handle connected with an adjacent lever which, according 
to its position either puts the handle into gear for 

ing up, or disengages to allow the wheel to run free. 
A third position applies a brake to stop the rotation of 











AmsLeR QuADRUPLE-HamMER MACHINE FOR REPEATED SHock TrsTina. 


This moves up or down a float inside the centrifugal 
pump shown in Figs. 14 and 15, and the vanes of 
(rotated by bevel wheel from the axis of the flywheel) 
serve to raise a coloured liquid in the speedometer tube. 
A view of the machine taken with the cast-iron t 

cover removed from the lower casing and pedestal, 
shows in Fig. 16 the simple mechanism whereby the 
breaking knife is attached to the flywheel, so that when 
in the closed, or ‘‘in ’’ position, the knife is completely 
encased within the rim of the flywheel. When the red 
stud is pressed, the spring forces the knife into the o 

or “‘out”’ position required for breaking the test Sor. 
The knife is made to assume these positions by means of 
the rotation of the flywheel itself, according as the closing 
or opening button is pressed on the outside of the lower 
casing. working the machine, it is only necessary to 
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restore the energy lost in each test to make the machine 
ready for the next test. The danger of the open knife 
is obviated by a simple device which prevents the door 
(enclosing the test r when in position) from being 
opened so long as the knife is out and the fi ee! still 
rotati The small and safe design of this machine, 
in which all the moving parts are enclosed, the lack of 
overhang and stability even without bolting down, 
so long as it rests on a level floor, and the direct reading 
of the energy absorbed, makes this machine one of the 
most simple and advantageous to use. 

Table IV gives the results of several samples of mild 
steel which had proved brittle in working and which 
gave low impact values. A replace material, although 
similar in other physical properties behaved well in 
service, and, on testing in the impact machine, showed 
much better results. The effect of heat treatment 
on some medium carbon steel as regards impact values 
is also shown in an interesting fashion. 


Tasite IV.—Physical Tests of various Steels sh 9 


ANNEALING COLD-ROLLED ALUMINIUM 
SHEET. 


Annealing Cold-Rolled Aluminium Sheet by Abbreviated 
Exposures at Various Temperatures.* 
By Rosert J. Anperson, B.Sc., Met.E., Member, 
Cleveland, Ohio, U.S.A. 

In commercial mill practice cold-rolled aluminium sheet 
is annealed by rather prolonged exposures at various 
temperatures—e.g., 24 hours at 370 deg. C.—in order 
to remove the work hardness and put the metal into such 
condition that certain manufacturing operations can be 
performed upon it. Cold-rolled aluminium sheet after 
sufficient exposure at a sufficiently high temperature 
has been said to be annealed when its Shore scleroscopic 
hardness number was 4 to 5. Experimental evidence 
is at hand which shows that the foregoing degree of 
hardness can be rapidly conferred; the evidence also 
shows that even though an aluminium sheet has a Shore 





Tensile and Hardness Tests correlated with the Resistance 
to Shock represented both in Metre-Ki per 
Centimetre and in Foot-Pounds per Square Inch. 
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_ Repeated Impact-Testing Machines.—One of the 
simplest forms of repeated impact-testing machines 
recently introduced, to avoid the chattering sometimes 
met with, is the Eden-Foster machine, which is made 
in this — A cam operates a lifting chain to 
engage a small vertical drop hammer, which is only 
released when the lifting mechanism is lowered to be 
clear of the fall. different weights of tup aré 
used, and the whole apparatus is small and compact, 
although capable of taking the standard notched bar 
for this test. The bar is rotated in a simple friction 
clutch method whilst securely held in two plummer 


blocks. 

A different principle is used in the quadruple hammer 
machine for repeated shock testing, as wee sy by Messrs. 
Amsler Brothers. The bar to be tested is su ported at 
the two ends, and a pair of hammers deal it blows 
alternately from right and left until it breaks. The 
fracture is thus produced by fatigue. At the moment 
of fracture of the bar, the mechanism actuating the 
hammers is thrown out of gear and the blows cease. 
A counter indicates the number of blows received by the 
bar before fracture. The machine as shown in Fig. 17 
consists of four pairs of hammers working simultaneously 
upon four bars. The hammers receive their motion 
from a single shaft driven by a small electric motor. 
The pairs of hammers are quite independent of each 
other, and when one pair stops owing to the fracture 
of the bar, the other pairs continue their movement, 
so that the different bars are tested quite independently. 
The bars are cylindrical in shape, and 12 mm. in diameter, 
from 18 em. to 19 em. long, as their supports are 17 cm. 
apart. These supports can turn on a vertical axis, which 
permits the bars to be bent freely by each blow, so that 
aa do not behave like tightly-gri bars. The blow 
of t e hammers is delive at two diametrically o; ite 
poses. The weight of each hammer is 5 kg., an they 
all freely th a vertical height of 5 cm., so that 
each blow e ¢ m.-kg. of energy on the bar. The 
counters record the number of rotations of the shaft, and 
thus the pairs of blows struck. The usual speed of 
rotation is about 90 r.p.m. 





_Durasmiity anp SrrenctH oF FeERRo-ConcretTe 
V ESSELS.—Our contemporary, Ferro-Concrete, gives the 
following information: A 150-ton built about 
1906 for the Italian Navy was put to severe test, 
before acceptance, of being driven against piling and 
then rammed by a steel tow-boat. The Mouchel- 
Hennebique lighter of 200 tons capacity, built in 1912, 
on the Manchester — Canal, has been inconstant service 
since completion, only a trifling expense having been 

led for maintenance. An 80-it. barge, on the Welland 
Canal, Canada, has been in almost constant service since 

1910 with no maintenance charges, and is still in excellent 
condition. Attimes she has »n loaded with 10-ton 
car load of stone dumped from a height of 12 ft. to 15 ft. 
directly upon the 2}-in. deck. A lighter built at Balti- 
more in 1912 has been in daily use since construction, 
is perfectly watertight, and has withstood the roughest 
handling, requiring no pumping out and accumulating 
no barnacles or sea of any kind. Another 
lighter at Baltimore, built about 1913, has not 
8 dollar's worth of repairs since being put in c 
The historic Lambot boat, dating from 1849, is still 


ion. 
in 
use and in excellent condition. A schooner built in 1899 
for the North Atlantic coasting trade was once driven 
on the rocks off Cape Charles, and got off uninjured. 
- 


og | tures have been adopted by 


ired | Mec 





number of less than 5 when exposed for a 
relatively short time at a given temperature, the ultimate 
strength will be appreciably higher than for similar 
metal e for a longer time at the same temperature. 
Recrystallisation may not have occurred in either case, 
so that the lower ultimate strength in the metal for a 
\ r time has not arisen from excessive grain growth. 

‘or the purpose of the present discussion, the author 


—~|is defining annealed aluminium sheet as that product 


secured by conferring a Shore hardness number of 4-5 
be or cold-rolled aluminium through exposure to heat. 
le arbitrary definitions of a nature similar to the one 
just given are not regarded with favour, still it is held 
that for the present purpose this one is justifiable. 
Various definitions of —oe and annealing tempera- 
ifferent workers, and there 

is no broad definition to cover all metals. The present 


380 | author does not lay down an annealing temperature for 


aluminium sheet, but states simply that cold-rolled 
aluminium sheet after sufficient exposure at a tempera- 
ture sufficiently elevated is if its Shore hardness 
number is 4 to 5. No instances have been noted where 
the Shore hardness number was less than 3.5, and 
readings to within 1.0 provide at least for fairly safe 
experimental error, since greater ae can scarcely 
expected—this b of the nature of the scleroscope. 
When it is considered that aluminium sheet as 
furnished for commercial purposes may be from, say, 
No. 3 to No. 30 gauge, i.¢., from 0.2294 in. to 0.0100 in. 
thick, or lighter gauges, it is obvious that an annealing 
temperature and time of exposure which are appropriate 
for heavy gauge cold-rolled aluminium are not necessarily 
mm goo for metal of light gauge; and, in fact, the 
casual conjecture would suggest that totally different 
annealing methods should be employed. Such an 
observation is entirely in accordance with our knowledge 
concerning the effects of hedt upon metals in general 
which have received different amounts of previously 
cold work. Possibly the first clear account of the 
relations existing among the factors temperature and 
riod of exposure and prior cold work, in the case of 
rolled brass and copper, was set forth by Captain C. 
Grardt as recently as 1909; certainly no full cognizance 
of the complications of these factors was taken by 
Le Chatelier.} The latter, however, suggested that 
the effect of annealing begins to be apparent at a tempera- 
ture which depends upon the amount of original 
hardening. Mathewson and Phillips§ have shown, in 
the case of a (70 : 30) brass, how recrystallisation can be 
observed microscopically at successively lower tempera- 
tures with increasing reduction with a constant exposure 
period, The idea that the greater the initial degree of 
reduction in the cold for aluminium the lower the 
temperature at which the effects of annealing become 
distinguishable has been substantiated. 
= erring now our attention from the above brief, 
and very! incomplete, review of the literature of the 
subject, let us consider two cold-rolled aluminium sheets 
—one No. 8 gauge, which in the mill might have been 
reduced about 47 per cent., and one, No. 28 gauge, 
which might have been reduced, say, 95 per cent. in the 
cold. A from any reference to the relative thick- 
nesses of these sheets as having influence upon the rate 
of mechanical softening when exposed to heat, the 
effects of heat become earlier apparent, under similar 
conditions, in the latter one. In other words, the 
No. 28 sheet will soften — exposure to heat 
more rapidly, under similar conditions, than will the 
No. 8 gauge sheet. The complications which ensue, 
however, when deformed metal is heated, as outlined 
by Howe] and reviewed by Carpenter and Taverner,** 


* Paper read before the Institute of Metals, Septem- 
ber 11, 1918. 

+ Grard, C., ‘‘ Cuivre et Laitons & Cartouches,” Revue 
@ Artillerie, February—April, 1909. 

tLe Chatelier, André, ‘Congrés Internationale des 
Méthods d@’ Essai des Matériaux de Construction, 1901,” 
tome ii, pages 1 to 25. 

§ Mathewson, C. H., and Phillips, A., ‘‘ Recrystallisa- 
tion of Cold-Worked Alpha Brass on Annealing,’’ Bulletin 
of the American Institute of Mechanical Engineers, 
January, 1916, 1 to 50; see page 26, Table III. 

\l erson, Robert J., “Annealing and Recrystal- 
lisation of Cold-Rolled Aluminium Sheet,’’ Metallurgical 
and Chemical Engineering, May 15, 1918, No. 10, vol. xviii, 

523 to 527. 

Howe, H. M., “ Recrystallisation after Plastic 
ormation,”’ Bulletin of the American Institute of 
hanical ineers, October, 1916, 8s 1851 to 1860. 
** Carpenter, H. C. H., and Taverner, L., ‘‘ The Effects 
of Heat at Various Temperatures on the Rate of Softening 
of Cold-Rolled Aluminium Sheet,” Journal of the 
Institute of Metals, No. 2, 1917, vol. xviii, pages 115 
to 155; see pages 122 to 126. 











are such that further investigations are to 
explain certain aspects of t subject. ith the 
knowledge that aluminium is sluggish in recrystallising, 
and assuming that relief of stress, re-orientation, and 
grain growth probably do not contribute markedly to 
mechanical softening, it follows that they are not 
po eames in order to soften cold-rolled aluminium 
eet. 

By the definition above given and from the so-called 
practical ——. aluminium sheet is stated to be 
“‘dead soft’ when its Shore hardness number is 4 to 5, 
and metal with this degree of roviding 
it has not been over-annealed (in the sense that it has 
been exposed to heat at too high a temperature, or for 
too long a time, or both, so that undesirable weakness 
has been conferred)—is in a condition so that by the 
works’ processes, such as stamping, drawing, spinning, 
&c., it can be worked with ease. 

A consideration of what has gone before led the author 
to propose three inquiries. First, is not the annealing 
= gee i + nee sheet for, say, 24 hours at about 

. C. disproportionate to the requirements for 
metal ‘that is to be worked in the draw press? Second, 
may not cold-rolled aluminium sheet be softened by 
relatively short ing exposures at the same or 
somewhat more eleva temperatures? Third, will 
metal so softened be suitable for commercial draw-press 
manipulation ? 

The first inquiry may be considered to have been 
more or less fully answered elsewhere.* Suffice it to 
say here, without setting forth an extended survey of 
the evidence which supports the belief, that, for annealing 
cold-rolled aluminium sheet which is to go to the draw- 
press, the 24-hour time exposure at 370 deg. C. is 
altogether too long. Annealing experiments have shown 
that most of the mechanical softening, effected by 
exposure to heat at various temperatures, of cold-rolled 
aluminium, tekes place cry earlier part of a given 
exposure - Thus, in the tests of Carpenter and 
Taverner,t about 80 per cent. of the fall in ultimate 
strength oceurred in 1 hour at 350 deg. C., and in the 
author’s experiments 12-gauge cold-rolled aluminium 
sheet (reduced 63.3 per cent.) had a Shore hardness 
number of 15 and an Erichsen indentation value of 
9.49 mm. as rolled, while after an exposure of 30 minutes 
at 300 deg. C. the values were 7.1 and 10.97 mm. 

ively, and after an exposure of 60 minutes at 
the same temperature the values were 4.9 and 11.70 mm. 

ively. Also, in annealing the same fetal at 
400 deg. C., after an exposure of 5 minutes, the Shore 
hardness number was 10.6, while after a 10-minute 
exposure the Shore hardness number was 4.9. Sir 
Thomas Rose,{ after studying the annealing of certain 
coi alloys, made the f ing comments: ‘The 
annealing action at any given temperature is most rapid 
at first and grad fies away, so that a state of 
equilibrium is not attained in any short of time, 
except perhaps at high temperatures. For example, 
equilibrium apparently was not attained in the gold- 
copper, silver-copper, or nickel-copper alloys, or in pure 
nickel, in 16 days at 300 deg. C. At high temperatures 
almost the whole result is obtained instantaneously, 
though a little extra softness is got by prolonging the 
time. A few minutes at such a temperature cannot be 
replaced, for practical purposes, even by hours of 
annealing at much lower temperatures.” 

Now, for many drawing processes in the production of 
aluminium shapes, it is not rigidly demanded that the 
annealed sheet should have the lowest ultimate strength 
value consistent with sound metal, nor is it necessary 
that the Shore hardness number be less than 4 to 5 (some 
samples of annealed sheet have been tested which had a 
Shore hardness number of 3.5); in fact, it is doubtful, 
although complete data are not at hand fully to warrant 
the conclusion, whether so-called complete annealing is 
desirable. It is probably advisable to state parentheti- 
cally that many of the draw-press operations performed 
upon softened aluminium sheet are conducted for the 
purpose of manufacturing such objects as kitchen utensils, 
or s of built-up welded shapes of one sort or another. 
Cold-rolled aluminium sheet does not draw sufficiently 
to withstand without rupture such d draws as are 
required in the commercial production of these objects ; 
hence, for drawing purposes, the metal must be softened. 
On the other hand, over-annealed sheet will rupture in 
the press because of its inherently weak condition. 
Tests in the draw-press have shown that, other things 
being equal, aluminium sheet annealed for relatively 
short times better withstands the drawing operation 
than does that annealed for long times. Considering 
the preceding remarks broadly, it appears that the usual 
long-time annealing methods are unnecessary for 
aluminium going through the draw-press. 

Returning now to the second inquiry (may not cold- 
rolled aluminium sheet be softened by relatively short 
annealing periods, &c.?); the previousl quoted com- 
munication§ has shown that mechanical softening, as 
evidenced by the drop in scleroscopic hardness from 
13 to 15, to 4 to 5, can be brought about, in specific 





* Anderson, Robert J., op. cit., “Erichsen Tests on 
Aluminium Sheets,” Iron Age, No. 15, April 11, 1918, 
vol. ci, s 950 to 951. Note: Erichsen indentation 
values for samples exposed for relatively brief periods 
of time were better than those for similar samples 
exposed for long times at the same temperature. 4 

+ Carpenter, H. C. H., and Taverner, L., op. cié., 

‘able 151. 3 
‘a t Rose, eK. “The Annealing of Coi Alloys,’ 
Journal of the Institute of Metals, No. 2, 1912 vol. viii, 
pages 86 to 125. 4 

§ Rose, T. K., “The Alloys,’ 
Journal of the Institute vol. viii 
pages 86 to 125. 
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instances, by heating for such a time as 10 minutes fhe samples were expo: to the temperatures and | rolled and annealed aluminium sheet of the gauges tested. 
providing the temperature employed ‘is high enough.|for the times recorded in the accompanying tables. |The curve data are taken from Tables land III. With 


This inquiry is conclusively answered in the present 
paper, where it will be shown in later paragraphs and 
in the subjoined tables that the lighter gauges of cold- 
rolled aluminium sheet can be softened by such an 
abbreviated exposure as 3 minutes at 400 deg. C. Finally, 
with regard to the third inquiry, tests in the mill, with 
aluminium annealed by short time exposures to heat, 
have demonstrated that metal so treated fulfils the 
draw-press requirements; and, further, that the per- 
centage of defective shapes is smaller than with similar 
metal annealed by an exposure for, say, 24 hours at 
370 deg. C. 

Description of Experiments.—Before entering upon a 
detailed description of the experiments performed, it is 
advisable to point out that the ing tests were 
made for a particular rpose, viz., the effort was 
extended to soften cold-rolled aluminium sheet by 
relatively short-time exposures at various temperatures, 
so that it could be worked in the draw-press. If this 
can be accomplished, it follows that a continuous furnace 
for annealing aluminium is not only a possibility, but is, 
in fact, definitely assured, provided thet certain minor 
details of a mechanical nature can be overcome, and 
these latter should afford no great difficulty. Here, too, 
the statement may be made that most valuable indica- 
tions as to the “‘ drawability ’’ of metal sheet are furnished 
by the recently brought out cupping test* as made in 
the Erichsen sheet-metal apparatus. This machine has 
recently been employed for testing some of the common 
brasses in sheet form.t 'The cupping test, in addition to 
furnishing information as to the drawing quality of 
metal sheet, apes evidence of the grain size—data 
which are highly important as a guide to the working of 
brasses. Knowledge as to the grain size of aluminium 
sheet is not so important, since the mechanical softening 
and coalescence ranges are evidently far apart. 

The experiments made in the present instance were 
upon aluminium of the following analysis :— 





Per Cent. 
Copper ... 0.25 
Iron... 0.45 
Manganese trace 
Silicon ... abe se 0.35 
Aluminium (by difference) 98.95 
100.00 


Now the objection may be offered that this should be 
regarded as an alloy of aluminium rather than relatively 
pure metal. However, although purer metal was 
obtainable, ingot-costing charges are usually mixed 
with @ certain amount of scrap aluminium, so that the 
average cast ingots, as rolled in the mill making 
aluminium sheet, analyse about as shown above. It 
may be that the results would be more desirable from the 
scientific standpoint had the metal been higher in 
chemical purity. 

The history of the aluminium sheets experimented 
with is as follows: The ingot was cast at a temperature 
of approximately 800 deg. ©. and allowed to cool to room 
temperature ; it was then raised to about 450 deg. C. 
in an ingot-heating furnace, being charged cold, and 
remaining for 6 hours in the furnace. The ingot was 
then withdrawn from the furnace and broken down 
to a 0.2291-in. slab in a 28-in. two-high hot mill. This 
resultant slab was then slabbed cold to 0.1215 in. and 
then rolled to a ion of gauges, viz., 10, 12, 14, 16, 
18, 20, 22, 24, 26, and 28 (these figures representing 
gauge numbers). Numerous samples were cut from 
the various gauges of cold-rolled metal; these were 
about 3 in. by 9 in. in surface dimensions—sufficient area 
for three Erichsen tests and the necessary scleroscope 


TaBLE I.—Erichsen and Scleroscope Values of the Cold- 



































Rolled Sheets. 
Erichsen Values, 
Sample | sheet | Hard. - +e 
e - cen! Thick- 
Marked. |Gauge.| ness Thick- | Inden- Redan. , 
No. ness tation tion. in In. 
in Mm. | in Mm. 
1 3 5-0 5-96 _ — | 0-2291 
2 ~ 12-5 | 3-11 _ 47-00 | 0-1215 
3 10 14-0 2-58 | 10-01 54-85 | 0-1087 
a 12 15-0 2-05 9-49 63-30 | 0-0841 
5 14 15-0 1-70 8-24 71-60 | 0-0650 
6 16 15-5 1-32 7-28 77-70 | 0-0512 
7 18 | 15-0 | 1-02 | 6-58 | 82-60 | 0-0401 
8 20 15-0 0-79 6-16 86-00 | 0-0321 
9 22 15-0 0-68 5-92 88-00 | 0-0275 
10 24 14-5 0-54 5-16 90-50 | 0-0220 
ll 26 15-0 0-40 4°57 92-70 | 0-0169 
12 28 13°5 0-30 3-64 94-50 | 0-0128 
determinations. The percentages of reduction, Erichsen 


indentation values, thicknesses, and scleroscopic hard- 


nesses for the cold-rolled sheets are summarised in 
Table I. 





* The cupping test is carried out on a hand-operated 
ductility testing machine, and is used for testing thin 
sheet metal up to about 0.0625 in. in thickness, The 
sample is held between a die and holder, and a tool 
actuated by & ram and a hand wheel is moved gradually 
forward, causing the formation of a cup, which eventuall 
fractures. The depth of indentaticns is then read off 
direct] ' from micrometer scales and forms the basis of 
ies oe areniaet ions. 

vis, C. H., “‘ Testing of Sheet Brass,” Mi mg 
of the American Society for Testing Materials, 1917, 
Part II, vol. xvii, pages 167, 193. 


.| differences are given in Table II. 


The annealing was performed in a small electric furnace 
of the resistance type. Temperatures as given are 
accurate to + 10 deg. C., and the variation in temperature 
in the different parts of the furnace was not greater 
than + 10 deg. C. Temperatures were measu with 
the Northrup Pyrovolter, using base metal couples 
which had previously been calibrated by the usual 
methods. e samples were annealed by placing them 
in the already heated furnace, allowing them to remain 
for the required time, and then withdrawing them so 
that they cooled in air. Not over five samples were 
annealed at a time, and the individual pieces were 
separated by small pieces of light-gauge aluminium 
sheet, so that free access of heat could obtain in all parts 
of a pile. Conditions were maintained as nearly alike 
as ible, and all samples had identical treatment 
other than for the variable factors time and temperature. 
The samples were considered to be softened when the 
Shore hardness number was 4 to 5, and indentation 
values, secured with the Erichsen apparatus, served as 
a guide to their drawing qualities. Erichsen indentation 

ues were not secured, in general, for samples that 
had a Shore hardness number of more than 5. 

There was some difference in the measured thick- 


Taste II.—Showing Variations in the Thicknesses of the 
Sheets. 








Measured 
Thickness | Calculated! Calculated 
Sample| Sheet | Measured | in Mm. In, from | Mm. from 
Marked. Gauge.| Thickness from Measured | Measured 
in In. Erichsen Mm. Tn. 
Test. 
1 3 0-2291 5-96 0-2384 5°73 
2 8 0-1215 3-11 0-1244 8-04 
3 10 0-1037 2-58 0- 1032 2-59 
4 12 0-0841 2-05 0-0820 2-10 
5 14 0-0650 1-70 0-0680 1-63 
6 16 0-0512 1-32 0-0528 1-28 
7 18 0-0401 1-02 0- 1-00 
8 20 0-0321 0-79 0-0316 0-80 
9 22 0-0275 0-68 0-0272 0-69 
10 24 0-0220 0-54 0-0216 0-55 
11 26 0-0169 0-40 0-0160 0-42 
12 28 0-0128 0-30 0-0120 0-382 




















Note.—The differences in the measured thicknesses of the 
sheets in inches compared to the measured thicknesses in milli- 
metres calculated to inches, and vice versa, are due to the actual 
variations in the thicknesses at different places on a given sheet, 
oa the fact that the measurements were made at different 

aces, 


TaBLe IIIl.—Maximum Indentation Values obtained for 
































the Erichsen ductility test, the indentation is deeper 
with the increasing thickness of the sheet, other things 
being equal, and the annealed samples have deeper 
indentation values than the cold-rolled ones. 
Discussion of the Results.—Table IV gives a summary 
of the tests on various gauges of cold-rolled aluminium 
sheet e for 3 minutes at 400 deg. C. The hard- 
nesses of the various samples after this heating is pro- 
ressively lower with increasing reduction. ee 
including and above No. 22 gauge were mechanically 
Taste IV.—Results of Annealing Various Gauges of 
Cold-Rolled Aluminium Sheet. Time Constant at 
3 Minutes, and Temperature Constant at 400 deg. C. 











Erichsen Values. 
Shore pusicienioniatens 
Sample-| Sheet | Hard- Appear-| Blisters 
Marked. |Gauge.| ness Thick- | Inden- | ance of | on the 
No. ness tation me. | Surface. 
in Mm, | in Mm. 
3w 10 12-4 _ —_ —_ none 
4w 12 12-0 _ _ _— none 
5W 14 11-9 -- -_ _ none 
6w 16 11-7 — _ _— none 
7W 18 11-6 1-08 7-78 | smooth | none 
8w 20 6-9 0-81 8-19 smooth none 
ow 22 5-0 0-70 9-01 | smooth | slightly 
10W 24 5-0 0-54 8-31 | smooth | slightly 
11W 26 4-8 0-40 7-90 | smooth a 
12W 28 4-9 0-31 7°75 | smooth | slightly 




















Taste V.—Results of Annealing Various Gauges of 








Cold-Rolled Aluminium Sheet. Time Constant at 
3 Minutes, and Temperature Constant at 425 deg. C. 
Erichsen Values. 
ne, EEE 
Sample | Sheet | Hard- Appear-| Blisters 
Marked. |Gauge.| ness Thick- | Inden- | ance of | on the 
No. ness tation me. | Surface. 
in Mm. | in Mm. 
3Z 10 11-4 _ — — none 
4Z 12 11-3 _ _ — none 
5Z 14 11-0 _ — _ none 
62 16 10-0 —_ _ — | slightly 
7Z 18 7-4 1-08 8-90 | smooth | none 
8Z 20 50 0-81 8-79 smooth 
9Z 22 5-0 0-71 8-44 | smooth | slightly 
10Z 24 5-0 0-55 7-89 smooth | slightly 
11Z 26 4-7 0-42 7-61 smooth matt, 
12Z 28 4-9 0-33 7-20 | smooth | slightly 





















































nesses of the coldrolled sheets as taken with the micro- 
meter com with the measured thicknesses in 
niillimetres from the Erichsen test, and these calculated 
In Table III are 
recorded the maximum indentation values obtained 
through a series of annealing tests on various gauges of 


1. 


a0 





Fic. 1. Taickness in MILLImeTres. THICKNESS- 
InpENTATION CuRVES FOR COLD-ROLLED AND 
ANNEALED ALUMINIUM SHEET. 


this aluminium sheet; for a Shore hardness number 
of 5 or less these values represent the deepest indentation 
obtainable in the shortest time at the lowest temperature. 
The indentation values for similar samples annealed for 
shorter times but at more elevated ratures are 





shown in the subjoined Tables IV to inclusive. 


Fig. 1 shows the indentation-thickness curves for cold- 





the Briefest Exposure at the Lowest Temperature, — Results neali orious uges 
together with Shore Hardness Number of 5 or Less. Ne aed eee ae ba Fecee of 
3 Minutes, and Temperature Constant at 450 deg. C. 
2 - Erichsen Values. ae 
ux- ‘em- re 
Marked. Ga = Tim >i — Thick- | Ind ——¥ Shore pave tast ory 
rked. |Gauge.| Time in D ck- en- | ness 
Minutes.| Deg. C.| ness | tation No. fou an —_ Thick- | Inden- Appear nay 
in Mm. | 2 Me. No. ness tation | Dome. | Surface. 
in Mm. | in Mm. 
= = 60 — aoe eo 5-0 
4 1 30 2- 12-2 5-0 
5C “4 | 60 300 | 1-70 | 11-51 | 4-9 ar Ob» a eee. > — | Bone 
6Y 16 15 350 | 1-32 | 10-97] 5-0 Sx 2.1 oe = > ~ — 
a ee =. 1 os | eal ae 6X | 16 | 6-5 | 1-34 | 10-10 | smooth] none 
9D 29 10 350 0-68 8-75 5-0 7x 18 5-0 1-08 10-04 | smooth | none 
10D 24 20 300 0-54 8-25 4:7 8x 20 4-9 0-81 9-10 smooth none 
11E 26 30 350 0-40 7-70 4-5 9x 22 4°6 0-71 8-56 smooth slightly 
12B 28 30 300 | 0-30 7-52) 45 10X 24 4-7 | 0-54 | 8-05 | smooth | slightly 
11X 26 4°6 0-41 7-59 smooth | slightly 
12x 28 4-6 0-33 7°30 | smooth} many 
Note.—These are used for the thickness-indentat 
curve for annealed aluminium sheet in Fig. 1. Taptz VIl.—Resulte of A =. V G of 





of g Various 
Cold-Rolled Aluminium Sheet. Time Constant at 
3 Minutes, and Temperature Constant at 475 deg. C. 











Erichsen Values. 
FF ae Se ee 
Sample | Sheet| Hard- Appear-| Blisters 
Marked. |Gauge.| ness Thick- | Inden- | ance of | on the 
No. ness tation | Dome. | Surface. 
in Mm. | in Mm. 
3V 10 11-1 — _ _— none 
4V 12 10-5 -- _ _ none 
5V 14 10-2 _ _ _ none 
6V 16 6-0 1-81 9-92 none 
sy | 20 | 4 | ost | 8-62 slight 
° “ ° y 
9v 22 4-9 0-71 8-41 slightly 
10V 24 4°56 0-65 8-16 slightly 
11V 26 4-4 0-42 7-70 slightly 
12V 28 4-6 0-32 7-20 | smooth | slightly 























softened to Shore hardness number 5 by the treatment 
iven; this does not imply that — metal Aye 
been recrystallised, or even t any visible change 

in the microstructure had taken place. The rate at 
which aluminium recrystallises is a slow one, and in the 
case of metal deformed by cold-rolling appears to be 
extremely slow. Rec isation in oy 4a and brags, 
on the other hand, is quite rapid. The fractured domes 
of the Erichsen tests were smooth, indicative of good 
drawing ity. The formation of blisters on the 
surfaces of the annealed samples is indicated in a rough 
way, based on ocular evidence, in the last column of 
the tables, and will be discussed a little later on. In 
Table IV the first sample to attain a hardness of 5 was 





the No. 22 one of reduction, 88.0). 
In Table V are poh the Lote from the tests made 
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where the samples were exposed for 3 minutes at 
425 deg. OC. There is again @ progressive drop in the 
Seco bardaens number with increasing percentage of 
reduction, and the first sample to attain a hardness of 5 
was the No. 20 gauge one (percentage of reduction, 86.0). 
The fractured domes were again smooth. The results 
of annealing for 3 minutes at 450 deg. C. are given in 
Table VI, and here the No. 18 gauge sheet (percentage 
of reduction, 82.6) was the first to be softened to Shore 
hardness number 5. When annealed at 475 deg. C. for 
3 minutes, the first sample to attain Shore 8S 
number 5 was the No. 18 gauge one, as shown in 
Table VII; w in Table , where the annealing 
was performed at 500 deg. C., the first sample so to soften 
Taste VIII.—Results of Annealing Various Gauges of 
Cold-Rolled Aluminium Sheet. Time Constant at 
3 Minutes, and Temperature Constant at 500 deg. C. 

















Erichsen Values. 
es 
Sample | Sheet | Hard- Appear-| Blisters 
Marked. |Gauge.| ness Thick- | Inden- | ance of | on the 
No. ness tation | Dome. | Surface, 
in Mm. | in Mm. 
8Y 10 10°5 — — — none 
4v 12 10°5 _ _ _— none 
5Y 14 10-5 — a= -- none 
6Y 16 4-9 1-34 10-00 | smooth | none 
7¥ 18 4-9 1-08 9-88 | smooth | none 
8Y 20 4-8 0-81 8-72 smooth none 
oY 22 4-6 0-71 8-81 | smooth | slightly 
10Y¥ 24 4°5 0-55 7°85 | smooth | slightly 
11Y 26 4-4 0-42 7-66 | smooth | slightly 
12Y 28 4-4 0-82 6-95 | smooth | slightly 

















Taste IX.—Results of Annealing Various Gauges of 
































Cold-Rolled Aluminium Sheet. Time Constant at 
5 Minutes, and Temperature Variable. 
Erichsen 
Shore Values. 
Sample] Sheet | Temp.| Hard-/ --—-_————_| Appear-| Blisters 
Marked.|Gauge./deg. C.| ness |Thick-|Inden-| ance of | on the 
No. | ness |tation| Dome. | Surface. 
in Mm.|in Mm. 
$XxX 10 450) 95) — -— a none 
4xxX 12 450; 8-1) — — —_ none 
5XX 14 450 5-5 | 1-68 | 11-12) smooth | none 
6XxX 16 400 | 5-5 | 1-86 | 10-74) smooth | none 
7XX 18 400 5-9 | 1-06 9-80) smooth | none 
SxXxXxX 10 500 5-8 | 2-56 | 12-30) smooth none 
4XXX 12 475 | 56-5 | 2-09 | 12-09) smooth | slightly 
Taste X.—Results of Annealing No. 28-Gauge Cold- 


Rolled Aluminium Sheet. Time Constant at 1 Minute, 
and Temperature Variable. 








Erichsen Values. 
Shore | 
Sample | Temp.| Hard- Appear-| Blisters 
Marked. |deg. ©.| ness Thick- | Inden- | ance of] on the 
No. ness tation | Dome. | Surface. 
in Mm. | in Mm. 
12AA 400 9-5 — — none 
12BB 450 8-0 0-33 6-00 smooth | slightly 
1200 500 5-2 0-32 7°19 | smooth | slightly 




















Taste XI.—Results o 
Rolled Aluminium S. 
and Temperature Variable. 


Annealing No. 28-Gauge Cold- 
. Lime Constant at 2 Minutes, 











Erichsen Values. 
Shore 
Sample jay 1 Hard- Appear-| Blisters 
Marked, jdeg. OC.) ness Thick- | Inden- | ance of | on the 

No. ness tation | Dome. | Surface. 

in Mm. | in Mm. 
10DD 400 5-0 0-32 7-48 | smooth | slightly 
12EE 450 5-0 0-31 7°50 | smooth | slightly 
12FF 500 6-0 0-31 7-47 | smooth | slightly 























Taste XII.—Showing tire Temperature required to 














Produce a Scleroscoyic Drop of from 14 to 15 to 4 to 5B in 
3 Minutes for Different Percentages of Reduction 
Percentage of | Temperature 
Sheet Gauge. Reduction. Deg. C, 
22 88-00 400 
20 86-00 425 
18 82-60 450 
18 os 475 
16 7-70 500 








was the No. 16 gauge one (percent. of reduction, 
77.7). Sheets wien wore No. 14 ome and heavier 
did not — to Shore hardness number 5 with an 
exposure minutes at temperatures, from 400 deg. 
to 500 deg. C. a3 _ 5s 

The results of 5-minute e res on Nos. 10, 12, 
i4, 16 and 18-gauge sheets at different temperatures are 
recorded in Table IX; those for 1 minute e res 
on No. 28-gauge sheet are given in Table X, ont those 
for 2-minute exposures on the same gauge in Table XI. 
The data bear out for cold-rolled aluminium sheet that 
mechanical softening is influenced Be three factors 
at least; viz., (1) the percentage of uction ; (2) the 
time of annealing ; and (3) the temperature of annealing. 





Without going into an extended comparison of the 
results afforded by these and other experiments, it may 
be stated with confidence that cold-rolled aluminium 
sheet can be softened by relatively abbreviated exposures 
to heat at various temperatures—elevated somewhat, 
it is true, above those commonly employed. Table XII 
shows in condensed form how the effects of softening 
become apparent at lower temperatures, using a constant 
annealing e re, with inc i percentage of 
reduction. Fig. 2 gives curve plots showing the drop 
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in scleroscopic hardness with inc percentages of 
reduction resulting from ee 3 minutes at 
various temperatures. With increasing temperature 
the drop proceeds more rapidly, and the shape of the 
curves is, in general, the same. 

Blisters and Blistering.—In mill-annealing practice it 
is found that some aluminium sheets blister while others 
do not, although both have had identical heat treatment. 
Blistered sheets are a source of great annoyance in the 
mill operation, and means for controlling and reducing 
the percentage of blistered sheets are urgently needed. 
From the present results, it appears that the tendency 
toward blistering increases with the increased thinness 
of the sheets ; however, for the times and temperatures 
employed, visual examination showed that the blistering 
was not so severe, except in a few cases, as to ruin the 
sheets. What blistering did occur was usually very 
slight, and required careful examination to observe it. 
The formation of blisters also seems to be associated 
with the higher temperatures, ¢.¢., the tendency increases 
with more elevated temperatures. Anneali tests 
made in an oxygenated atmosphere, obtained by leading 
tank oxygen into the furnace, showed that this condition 
of the furnace atmosphere did not influence the formation 
of blisters. Tests in a reducing atmosphere were not 
emg - While conclusive evidence is not at hand, 

listers appear to be associated with the escape of 
occluded gases from the metal on heating, and it has 
been observed that blisters invariably form at or near 
the position of occluded dross in the sheets. 

Results of Tests on Worked Metal.—With a brief account 
of certain tests of worked aluminium sheet annealed by 
short-time exposures, the present paper will be con- 
cluded. In the ——— of certain shapes by the 
draw-press, cold-rolled aluminium sheet is ordinarily 
cut into circles or other geometric pattern and then 
annealed before being drawn. It has been observed that 
if the annealing is effected by an exposure of, say, 
24 hours at about 370 deg. C., that a heavy percentage 
of defective shapes results from the draw-press operation. 
In an obse instance on a large number of drawn 
blanks (4,400) this was 30 per cent. In order.to test 
the effectiveness of short annealing, 200 cold-rolled 
No. 22-gauge circles were annealed for 3 minutes at 
475 deg. C. and drawn in a typical draw-press operation 
into a given shape ; there was but one defective shape 
resulting from rupture in the press, or a scrap loss of 
0.5 per cent. Other tests made on various gauges of 
sheet which had been annealed for relatively short times, 
ranging from 5 minutes to 60 minutes, gave scrap losses 
of less than 1 per cent. in all cases. ‘These results answer 
the third inquiry. 

Conaliabloniaaie closing, the author would urge upon 
investigators in the field of annealing aluminium to 
consider the possibilities of abbreviated exposures at 
various temperatures as being able to confer workable 
properties upon the metal, and concomittantly to effect 
this with less fuel, in shorter time, and with a smaller 
percentage of defectives in the subsequent drawing. 





Imports oF TIN IN THE UntTep Stares.—Imports of 
tin in the United States broke all records last year, says 
The Iron Age. Statistics reported by the Bureau of 
Foreign and Domestic Commerce for the year ending 
June 30, 1918, show that the total imports of metallic 
tin were 69,731 tons gross, as com with 67,529 tons 
in the fiscal year 1916, the previous high record year, 
and 44,722 gross tons in the fiscal year 1914, the last 
pre-war year. Interesting to note is the fact that while 
in 1914 the American imports of tin trom the United 
Kingdom and from the Straits Settlements formed 
90 per cent. of the total, in 1918 they amounted to only 
55 per cent. of the total. The difference was com- 
pensated for by heavier shipments from Bolivia, China, 
Australia and the Dutch Bast Indies. The growth of 
the American infant tin-smelting industry is shown by 
the fact that approximately 13 per cent. of the American 
1918 imports came to the United States in the form of 
ores, mostly from Bolivia. 





CATALOGUES. 


Truck Tipping Machine.—A series of machines which 
empty 300 railway trucks per day is illustrated in a 
catalogue recei from the We n-Seavers-Morgan 
Company, Cleveland, U.8.A. These machines deal with 

m-top trucks ; —- emptying and returning them. 

discharge is generally into storage bins, blast-furnace 
heaps, boats or ships. A variety of plant, with various 
degrees of travelling and hoisting gear is made to suit 
these various purposes ; also a hoisting frame for high 
storage bins. 

Oxy-Acetylene Welding and Cutting.—Messrs. Charles 
Churchill and Co., Limited, 9, Leonard-street, Finsbury, 


London, E.C. 2, have issued a special cat e of their 
oxy-acetylene welding and cutting outfits. ese Outfits 
range from small portable sets to hang fixed installations 


with twin sets of four gas generators taking a charge of 
1 ton of carbide. The complete outfits are shown 
including generators, tanks, drums, hose, blowpipes, 
cutters, piercers, valves, gauges, wire and cast material 
and sundries down to spectacles and gloves. Everything 
is illustrated and priced. 

Spring Roller Bearings.—These bearing are 
section spring steel coiled to form the roller—are being 
increasingly used on trucks, cranes and transport 
appliances generally. They are capable of withstanding 
@ certain amount of shock better than solid rollers or 
balls. A catalogue from the makers, Messrs. Broom 
and Wade, Limited, High Wycombe, contains line 
illustrations and full particulars of dimensions of com- 
plete bearings in the form of axle boxes, truck wheels, 
ib crane pintles, mono-rail pice yrean socket plummer 

locks, &c. All very exactly and strongly made. 


Centrifugal Pumps.—aA very useful and clearly-written 
treatise on centrifugal pumps forms the introductory 
portion of a catalogue received from Messrs. Holden 
and Brook, Limited, West Gorton, Manchester. It is 
claimed that the only case in which the centrifugal 
pump is more costly and less efficient than the recipro- 
cating is where a small quantity of water has to be lifted 
a considerable height. The idea of making several 
impellers to work in series originated in this country, 
but it was taken up and developed abroad in quantity 
production. British makers have, however, given closer 
attention to the essential principles of the machine. 
For some years they have produced in large quantities, 
but they realised that it was not economical in cheap 
form. Basten of form is important, but material is at 
least equally so. The stresses are heavy when the pump 
is in action and the erosive forces very powatuls in 
idleness the corrosive forces come into play with almost 
violent intensity. It is, therefore, necessary to find the 
right material, and it has only been found by costly 
practicalexperiment. The economy in action is so great, 
provided the pump be durable, that it pays well to put in 
the best material and workmanship to make it durable. 
Even then the first cost is low as compared with recipro- 
cating pumps. The catalogue fully describes all the 
parts, with plentiful illustration, and in addition to 
discussing theoretical questions deals lIucidly and 
exhaustively with such practical matters as running, 
maintenance, repairs, erection, suitability for various 
kinds of work, &c. A liberal supply of technical data 
is given, including water friction in pipes and transmitting 
efficiency of belts and It is interesting to note that 
woven belts are generally of greater efficiency than single 
leather, and near! —— to fight double leather. Heavy 
double leather is decidedly superior even at 900 ft. speed 
and markedly so over 2,000 ft. The comparison 
is with best oak-tanned hides. The pump is, of course, 
particularly suitable for electric motor direct drive. 

Wood-Cutting Machine Tools.—In this country wood 
working machines are seldom called “ machine tools.” 
We restrict that term generally to metal-working 
machines. The wood workers’ machines are, however 
true machine tools, because they are adapted hand tools 
embodied in power-driven machines. Other countries 
include both metal and wood-working machines in their 
category of machine tools—a point which causes error 
in comparisons of foreign trade. A catalogue from 
Messrs. Thomas Robinson and Sons, Limited, engineers, 
Rochdale, entitled ‘‘ Wood-Working Machinery for 
Aircraft Manufacture,” extends to 114 pages quarto. 
It gives illustrations and particulars of 16 sawing 
machines with circular, baie and fret saws including 
vertical spindle and pendulum forms of the circular saw 
machine. In addition there are 25 other machines for 
planing, thicknessing, surfacing, moulding, boring, 
recessing, shaping, tenoning, mortising, &e., and some 
grinding, filing and other machines tor dressing the 
cutting tools. Many of these have automatic f and 
re adaption, or attachments, for aircraft ‘work. 

he “‘ Portable Rotary Shaping Apparatus” is a patent 
invention for shaping propeller and other surfaces not 
within the usual machine compass. It does the work 
of the spokeshave and drawknife hand tools. It may be 
described as a milling cutter with helical teeth. The 
cutter is covered by a casing open at the bottom and 
the case is movable so that the depth of cut may be 
adjusted. The cutter spindle is driven direct by 4 
small electric motor and the whole machine slung over 
the work table. The weight of the machine is balanced 
by a deadweight and carried by a pulley mounted on 4 
runway. It may, therefore, be easily moved over the 
workpiece or lifted clear of it—it is in this sense that it 
is called portable. In another form the cutter and 
spindle may be driven by a flexible driving shaft from a 
countershaft or fixed motor. The design is very neatly 
worked out to deal with a great variety of awkward 
jobs. The catalogue includes a wide of machines, 
simple and complex, of substantial build, with ample 
bearings and adjustments and well guarded for the 


safety and comfort of the operators. 
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jackets of the engine, or with the exhaust duct. Thus, hot 
water or fluid enters the one and —e header and flows 

the vertical tubes into the other lower header, from which it 
passes back to the cooling or exhaust system by the other pipe. 
A second larger and wider deflector is mounted in the mouth of the 
lower casing part, and about midway between the two headers. 
This defiector may be of similar cross-section to the first, and is 





advantageously formed with spiral or curved ore, projections 

The number of views given in the Specification Drawings is stated | or fins on its under surface. operation, the upwardly-flowing 
in each case; where none is mentioned the Specification is not | stream, immediately after passing the throttle, encounters the 
illustrated. lower deflector, which deflects it and, by its fins, also imparts a 
Where inventions are abroad, the Name, &c., | whirling ti The deflected and whirling streams then 
of the Communicators are given immediately rise against the bottom surface of the lower header 
C may be obtained at the Patent Office, Sales | and are baffled and deflected downwardly and outwardly. In 
Buildings, W.C., at| this way cross currents are produced, resulting in thorough 

the Y etek intermixing of the constituents of the mixture, and the lower 
The date advertisement of the of @ Complete| surface of the header not only further atomises the fuel but 
is, in each case, given after abstract, unless the | imparts heat to the mixture so that condensation is avoided 


AGRICULTURAL APPLIANCES. 


116,855. J. T. Ridealgh, Headingley, Leeds. Steam 
Tractors. (3 Figs.) January 12, 1918.—This invention 
relates to ploughing steam tractors of the kind in which the 
steering movements of the vehicle are effected from the front 
axle alone, the rear axle being carried on springs and adapted 
to be driven from the engine through the medium of a side chain, 
but otherwise rigidly mounted on the main frame 80 as onl 
permit of the rotation of the wheels in the longitudinal p! 
of the vehicle. Acco to this invention, a vertical boiler 
is mounted low down on the carrying frame 1 between the front 
road wheels 4 and the rear road wheels 3, the e 12 — 
mounted directly on the carrying frame in front of the boiler an 
behind the axle of the front road wheels, while the water tank 
is situated directly on the carrying frame behind the boiler 
and over the axle of the rear road wheels. The carrying frame is 
preferably made up of horizontally-arran side and end girders 
of channel section, and the boiler is 


down between the two 
































side girders of the frame and fitted immediately below its centre 
with an encircling band by which it is secured to the frame with 
the fire-box and footplate of the said boiler occupying a position 
below the latter roximately near to the ground. The 
engine is preferably of the staggered-cylinder type in which the 
inlet and exhaust valves are operated from a — camshaft, 
and the axle of the rear road wheels is fitted with a chain wheel 15 


carrying a side chain 16 | ay around a chain wheel fixed on the 
cams by which the drive is obtained directly from the said 
camshaft. By emplo: a vertical boiler and arranging the 


boiler low down between the front road wheels and the rear road 
wheels and by fixing the engine on the frame at the front of the 
boiler and the water tank on the frame behind the boiler, a 
material reduction in the length and height of the tractor as a 
whole is ensured in conjunction with increased efficiency ; while 
by driving the rear r wheels by a chain from the cams of 
the engine direct, a more simple and efficient drive is obtained. 
(Accepted July 3, 1918.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


116,303. H.C. Carter, Bromley, and W. T. Vint and 

H. Alexander, Leeds. Vapo and Atomising Liquid 

Fuel. (9 Figs.) March 10, 1917.—This invention comprises 

means for vaporising and Ser may liquid fuel and for the pro- 
of bustible mixtures 


lor motive er q 
A vertical part of the induction pipe is formed with a guveler 
casing or swelling. At the lower of the id just 
above the neck portion, there is 





casing an 
an inwardly-projecting 


with in 
eso) trem roducer 
the | heated owing ation of th 





and the predetermined character of the mixture is maintained. 
In further rising, the stream next strikes against the upper 
deflector, by which it is deflected and whirled, and then strikes 
against the bottom surface of the upper header by which it is 
further acted upon, so that finally the mixture leaves the induc- 
tion pipe and enters the engine cylinder in the most favourable 
condition for efficient busti The radiator not only pre- 
vents condensation but also oo any moisture carried by 
the air. (Accepted June 19, 1918.) 

116,552. Ss. S. Guy, Finchfield, Wolverhampton. 
Internal-Combustion Engines. (3 Figs.) June 19, 1917. 
—tThis invention relates to internal-combustion engines of the 
ti in which two or more working cylinders are arranged co- 





to | axially or in tandem and in which the piston rod between such 


co-axial working cylinders works through a gland or glands 
subject to the temperature of the working fluid in the said 
cylinders. Acco to the present invention, the explosive 
mixture in passing from the source of supply to the cylinder inlet 
port or ports 7 is made to circulate around the piston gland or 
glands 4 and the valve ports. this way the temperature of 
the gland, cylinder head or heads and the exhaust port on poms 
therein is kept within safe working limits, whilst incidentally the 
heat extracted from the said parts has the beneficial effect of 
warming up the explosive mixture prior to its entering the 
bust hamber. A particularly advantageous appli 
of the invention may be made in the case of a tandem engine 

















of the type in which the cylinder heads are opens to each 
other with a gland or glands between them, i.¢., the of engine 


in which the pistons are eee | mo n opposite 
directions in tion to their respective cylinders. such a case 
as this the two cylinder heads are enclosed within a cored or 
a. oe communicating with the inlet ports 7 and into 
which the glands 4 project with the piston rod 5 passing ———- 
them. The chamber 3 is provided with an orifice to which the 
induction pipe from the carburettor is adapted to be connected, 
and the arrangement is such that the cool explosive mixture in 
passing through said chamber to the inlet ports comes into direct 
contact with the glands 4 and cylinder heads and effectually 
maintains them at a proper working temperature. Theinvention 
is equally applicable whether the e is air or water-cooled, 
except that in the latter case the explosive mixture in traversing 
the chamber would not come in direct contact with the cylinder 
heads with the water jackets thereon, although in each case it 
would impinge directly upon the glands. (Accepted June 26, 


1918.) 
116,870. The E. W. Gas Furnace Company, 
Limited, and E. W. Harve 


a er, . 
Regenerative Gas Furnaces. (12 -) March 5, 1918.— 
The “ uni-directional’ regenerative gas furnace has hitherto 
consisted of a long hearth, one end of which is heated to a rela- 
tively yn a4 temperature by a reversible flame, the rest of, the 
hearth (the —_ eating hearth) being heated by a portion of the 
same flame drawn along it in a continuous direction. The ingots 
being introduced at the end far from the gas and air ports are 
heated progressively by the drawn-out flame as they are pushed 
along the pre-heating hearth and receive their final tempera- 
ture when they arrive on the fin hearth near ae and 
air ports. By the present invention, the gas is delivered to,the 
furnace in continuous streams through two or more ports, and 


Fig.1. 











16 #0) 


the air rts contiguous to the gas ports in streams 
which Bane Fas] reversed to permit regenerative heating ; 
the furnace draught is so apportioned that a part of the hot 
roducts of combustion is wn alternatively through one of 
regenerato: tinuous! 
ina t ion along 
os » are placed all in the same plane 
gas ports b, also in the same plane. The ports b are su 
8 continuous stream = 





{othe situation of the flue close to 
bo ~ ited ba a and to the me 6 tenting trots Cie tates Oe ee en 
upper er , connected verti one period, part furnace draught draws 
tubes. header is connected to a pipe, the two valve , regenerator d, alternate flues ¢ and ding 
being connected with the hot-water s ae of tae ecetlnn | aie porte of (an tndicohed by talline astows) ands of the 





a relatively high temperature and then 
perneetins hearth, heating it uniformly th’ 

y the portion of the furnace draught which is exerted through 
flues g. (Accepted July 3, 1918.) 


LIFTING AND HAULING APPLIANCES, 


116,791. Allen West and Co., Limited, Brighton, and 

° . th, Cardiff. Magnets. (4 wigs.) 
July 20, 1917:—This invention relates to lifting magnets. The 
invention consists broadly in providing the magnet with a non- 
ind: resistance permanently in shunt with the magnet and 
connected directly across its terminals. R d a non- 
inductive resistance, preferably of carbon, which is connected 
directly across te 8 on the magnet M, and 
arranged permanently in shunt with the magnet. The ohmic 
resistance of this carbon resistance R is such that only a 
small current will pass through it when the magnet is normally 




















connected and operating, but immediately there is a it rise 
of voltage across the magnet tormmiaia, - 4 
rapidly decreases, due to its ye temperature coefficient, 
and provides a good damping or rge _— An alternative 
method of carrying the invention into effect is illustrated in 
Fig.2. In this example, a relatively low resistance R is mounted 
on the magnet M, together with a potential relay or switch 8, 
which connects the resistance in shunt with the magnet imme- 
diately there is,a rise of voltage across the magnet terminals, 
and onnects the resistance as soon as the voltage again 
reaches normal. (Accepted July 3, 1918.) 


- MACHINE AND OTHER TOOLS, SHAFTING, &c. 


116,683. R. Bridge, Castleton, and J. G. Bradshaw, 
Castleton. Friction Clutches. (4 Pigs.) April 20, 1918.— 
The invention has reference to friction clutches of the well-known 
Heywood and Bridge type, in which the internal half of the clutch 
consists of a ring of metal rendered expansible by cuts made 
across red pee mys The invention relates to means to enable 
the inte ring to be adjusted to the outer shell to compensate 
for wear. To effect this, the steel t and left- screw 
threaded spindle a, which is rotated by the top lever of the clutch 
actuating mechanism to put the clutch in and out of gear, is 














“meray 


mounted at one end in a nut ¢ capable of oscillating on trunnions, 
- Vig end, © ~ apn | the pring or romans pottn of oe 
ngj, engaging with a nut g, w normally is clam reven 
its rotation, the clamping means for the nut also be! poumed on 
trunnions. When adjus' of the spring portion of the internal 
ring j is required, the clam means for nut ¢ are 
and the nut is rotated by suitable means, whereby, goceeng 


to the direction of rotation of the ~~ spring or resilient pa: 
of the internal expansion half of clutch can be adjusted 
towards or from the outer shell. (Accepted June 26, 1918.) 
116,476. T. 8S. Wilson and 8S. C. Bone, Garston, Liver- 
- Variable- Gear. (5 Figs.) February 7, 1918.— 
invention to variable speed r of the type which 
is capable of transmitting varying as well as a reverse 


making tact with pound = ish “y! ies of 
or con: a com; comprising a series 
concentris bevel gears f1,f2./8-74 of different diameters on an axis 








392 


ENGINEERING. 


(Oct. 4, 1918. 








at right angles to the of the common axis of the two groups 
of bevel gears, of which one group (numbering two or more) on 
one side of the axis of the compound gear transmits or receives 
through the compound gear a variable rotary motion to or from 
the second group of bevel gears (numbering two or more) on the 
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other side of the axis of the compound gear, the several bevel rs 
in the two groups being mounted loose on their respective shafts 
or sleeves and bel gare thereto or rendered inoperative as 
required by means of sliding keys 0, 01 controlled by levers or other 
suitable devices. (Sealed.) 


MOTOR ROAD VEHICLES. 


116,400. A. G. Grice and G. and V. R., Limited, Maiden- 
head. Motor Vehicles. (2 Figs.) July 26, 1917.—This 
invention relates to motor vehicles provided with driving gear 
of the type having a driven friction element connected by 8; 
reduction gearing to the pinion-carrying member of a differential 
gear, the relatively movable shaft portions of which distribute 
the power at or about the speed of the road wheels. Theinvention 
consists in a power transmission gear as indicated, in which the 
friction drive, speed reduction and differential gear are carried 
upon the chassis frame and the r wheels are mounted directly 
on the ends of the shaft portions of the differential, flexible 
connections being provided in said portions to accommodate 
spring mounting on the road wheels. A motor chassis frame a 
is fitted with a variable speed friction transmission gear b. The 
motor power shaft is conveniently situated in the plane of the 
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central longitudinal axis of the vehicle, and the axially-movable 
rim friction wheel c is mounted upon a short transverse shaft cl 
carried in bearings rigidly attached to the chassis frame. The 
shaft cl drives through the flexible coupling c2 a pinion c3 which, 
by means of inde lent and driven gear wheels, transmits the 
power to the casing or frame member f1, carrying the inter- 
mediate pinions of a differential gear-box f also rigidly connected 
to the chassis frame a. The two relatively-movable wheels of the 
differential gear are mounted ri shaft portions i and j provided 
with flexible connections #1, #2, and ji, j2, said shafts passin 
through the ends of the hollow axle member & and being connec’ 

to the hubs of the road driving wheelsm. The hollow axle mem- 
ber & is cranked back and passes transversely across the vehicle, 
being flexibly connected to the chassis body by means of the 
springs n. (Accepted June 19, 1918.) 


116,358. The Birmingham and Midland Counties 
Transport Com y, Limited, and G. E. D. Rallis, Birming- 
ham. Spring Suspension Mechanism. (1 Fig.) June 9, 
1917.—This invention relates to spring Vy age mechanism for 
motor vehicles. A laminated spring a is mounted upon the 
front wheel axle, the front end of which spring a has a shackle b 
by which it is led to the chassis. The spring a is at the rear 
coupled to a shackle ¢ which is coupled to the one arm d of a 
double lever. This lever arm d extends upwardly obliquely 
towards the wheel axle to a point at which it is carried by a pivot e 
secured to the chassis, Beyond its axis of pivotal movement 
the lever has a second arm f extending upwardly substantially 
vertically. The movement of this upwardly-extending arm is 
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controlled by coiled springs wich axes disposed horizontally so that 
the shocks are thereby intercepted in a horizontal direction. 
The bracket g, which carries the spindle ¢, also carries a rod A. 
This rod is encircled by the coiled springs ¢, i, between which the 
upper end of the arm f operates. The lever d, f, between the 
shackle ¢ and the chassis, is furnished with a bearing portion 7 
with which a part of the spring a nearer to the wheel axle than 


fixed to them coupling arms }, b and toasts anus e,c. The 
coupling arms b, b are connected together by the coupling rod d 
asisusual. The steering arms c, c are connected t! chains 
or cables ¢, e with a drum f which is shaped so that on the rotation 
of the same, effected by the usual worm and worm-wheel gear 




















at the lower end of the inclined Jsteerin 
cables ¢, ¢, will be wound on an pay 
requisite relative extent to ensure the 
the stub axles a2 and to preserve the c 


(Sealed.) 
PUMPS, 


The New ge Pump Company, Limited, 

, C. Lakin-Smith, Westminster, and N. G. 
Beckwith, Ham; -on-Thames. Rotary Pumps. (6 Figs.) 
October 17, 1917.—This invention relates to improvements in 
rotary pumps of the form wherein pistons connected together in 
pairs, which operate in unison, rotate within a casing divided into 
suction and delivery chambers. The invention consists in rotary 
pumps of the type described, having its interlacing piston 
structures of exactly similar form and adapted to be actuated by 
plane surfaces provided on an eccentrically-mounted block. 
1 designates the cylinder body or rotor which is mounted to rotate 
in a casing 2 divided by the bridges 3 into suction and delivery 
chambers 4 and 5. The rotor 1 is provided with borings 6, 7 
to form cylinders in which the piston structures 8, 9 reciprocate ; 
the boring 6 is slightly staggered or out of plane with the boring 7. 
The piston structures 8, 9 each consist of a pair of piston heads 


post g, the chains or 
off the drum f to the 
roper angular motion of 
ins or cables e, e taut. 
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joined by a trunk 84, 9a, and the cylinders are staggered in 
ition relative to each other to the extent of the width of these 
Tunks 84, 94. By this arrangement the pistons can be readily 
assembled in the cylinders since after the one piston is in position 
the other can be threaded in, the trunks 8a, 9a crossing each other 
in different planes as will be readily seen upon reference to Fig. 2. 
The outer casing 2 is closed by end plates 10, 11, one of which, 11, 
carries the bearing for the driving shaft 12, while the other carries 
integral with it an eccentric pin 13, and the bearings 14 and 15. 
A faced block 16 is moun on the outer bearing 15, the faces 
of this block co-operating with the pistons 8,9. The rotor 1 is 
supported concentrically with the axis of rotation on the boss 18, 
from which the eccentric pin 13 proceeds, a ring 19 being provided 
to connect the rotor rigidly to the sleeve 20 which rotates upon 
the boss 18. At the other side, the rotor 1 is bolted to the driving 
shaft 12. A feature of the invention of some importance is the 
provision of a distinct clearance between the periphery of the 
rotor 1 and the bridges 3, and it will be found in practice that 
although at impracticably low speed considerable leakage will 
occur from the delivery to the suction side of the pump by reason 
of this clearance, at higher and all normal speed a liquid seal 
forms and no leakage occurs, while since there is no actual contact 
between the rotor and the bridges there is no possibility of wear. 
(Accepted June 19, 1918.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


116,211. A. H. Anthony, Colchester. Boiler-Feed 
Apparatus. (2 Figs.) October 10, 1917.—This invention relates 
to automatic boiler-feed regulators of the kind in which the flow 
of feed-water into the boiler past a check valve is controlled by 
pons the check valve with a balancing or controlling piston 
tom the one end to the other of whose cylinder water leaks by 
a duct external to the cylinder and the escape of the water that 
has thus leaked is so automatically controlled as to destroy or 
restore the balance of the check valve, or otherwise vary the 
effect of the piston, and thus determine when feed water is to 
enter the boiler. According to the present invention, an 





the extremity of the spring to which the shackle c is ted, is 
ada) to engage in the event of the lever potas sufficiently 
dis gainst the resist of the springsi. If desired, the 
spring @ may be fitted with a leaf spring m which normall 
occuples & position as shown, in contact withthe bearing surface /. 
116,192. Alldays and Onions tic 

oe . —-, a and C, 

» and we See ‘ton, gham. Steering 
M m. (4 Figs. August 17, 1917.—The invention 
relates to steering mechanism for motor-propelled vehicles known 
as the “ Ackermann " steering gear. According to theinventi 
both stub axles for the front wheels of the vehicle are provid 
with coupting and steering arms, and the steering arms are 
conn by means of chains or cables to a drum which is 
rotated in one or other direction through the operation of the 
worm and worm wheel gear of the steering mechanism. The 
drum is so shaped that the requisite differential winding and 
unwinding of the two chains or cables is ensured. a is the front 
axle having at each end a swivel or stub axle as is usual. e 
stub axles are pivoted to the ends of the axle a by pins passin; 
through lugs al, al at the inner ends of the stub axles a2 ont 
through bearings in the ends of the axle a. The lugs al, al have 





boiler-feed regulator of the king defined is constructed 
to have a leakage orifice which is unobstructed, in combination 
with a closured cleaning aperture therefor provided in the wall 
of the leakage duct, the said aperture and orifice being so mutually 
situated that access to the latter is obtainable through the former 
from without the cylinder. The piston A, constituting the 
balancing piston for the check ve, works in a cylinder B 
which is provided with a bleed duct C external to the cylinder 
cavity and operating as a bye-pass duct from the upper side of 
the piston to its underside. The main direction of the duct C 
is parallel to the axis of the cylinder, but it has two branches 
extending through the cylinder wall to the cylinder cavity, one 
at Cl and the other at C2. The upper portion of the duct is 
virtually T-sha by reason of a radially directed outward 
extension which is in line with the Cl. In the exe 
tension is screwed a two-part tubular plug D, D3, of which 
the inner part D3 has a valve seating in the Cl. The 
inner end of the plug is pierced with a bleed hole E to constitute 
the ran aperture, and the wall of the plug is pierced with 
nings in register with the portion C of the duct. Within the 

ug is slidably mounted a cleaning pricker F whose stem passes 
hrough a stuffing-box G in the head of the plug. A strong 

compression spring is mounted between the head of the pricker 
and the gland of the stuffing-box so as to tend constantly to hold 
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the pricker in the position in which it is shown. The inner 
portion of the stem of the pricker is reduced in diameter so as not 
in any ition to close the openings E2 in the plug and just at 
this point the stem carries a flange which serves to limit the 
outward travel of the pricker and incidentally to assist in pre- 
venting leakage of water past the stem Fl. The leakage takes 
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place through the aperture E. Accumulation of sediment 
around the walls of the piston does not, therefore, interfere with 
the working of the apparatus, and should the aperture E become 
blocked, partially or completely, it can be immediately cleaned by 
pushing the pricker F in against the action of its spring. On 
releasing the pressure, the spring immediately returns the pricker 
to the position shown. (Accepted June 12, 1918.) 


TEXTILE MACHINERY. 


116,061. Asa Lees and Company, Limited, Oldham, and 
J.W.Cl , Oldham. Combing Machines. (1 Fig.) February 
27, 1918.—The invention relates to combing machines of the 
Nasmith type, and consists essentially in mounting a bracket on, 
or forming an extension of, the stand or frame on each side of the 
combing machine and supporting the cylinder cover and selvedge 
des adjustably therefrom. a designates the comb cylinder, 
the brush, ¢ the nipper shaft, d, dl the detaching rollers, e, el the 
calender rollers, f the sliver table, g the stand or frame of the 
machine. For the purpose of this invention, a bracket A is 
mounted on each side of the machine on the stand or frame, and 
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to each bracket A there is bolted or otherwise adjustably secured 
one of the pair of selvedge guides ¢ and also the cylinder cover j. 
The lower end of the cylinder cover j is shaped at j1 to fit and bear 
against the front of the beam g! and near its upper end it is 
provided with a back fin or projection j2, slotted at 75 to receive 
the bolt & by which it is adjustably secured to the bracket h. 
By means of the bolt & and slot 75, or equivalent connection on 
each side of the machine, the cylinder cover j can be readily set 
and adjusted when required relatively to the cylinder a, and by 
means of the connecting bolts shown, orany suitable equivalents, 
the selvedge guides i can be adjusted on their supporting 
brackets h. (Sealed.) 


116,244. Asa Lees and Company, Limited, Oldham, and 
R. Taylor, Oldham. Ly rpm, hy =e Machines. 
(3 Figs.) February 27, 1918.—This invention relates to speed 
frames and like spinning and twisting machines of the type in 
which the spindles are driven by positive gearing. For the 
gee of this invention, there is secured adjustably on the 

riving shaft b a spur wheel e. Two trains of gears give the 
ordinary and reverse direction to the spindle driving shaft 
c,d, and spindles. When the spur wheel ¢ isin gear with the first 
train consisting of the spur wheel g which gears with the spur 
wheel A on the spindle driving s' ¢c, the spur wheel A gearing 
with the spur wheel ¢ on the spindle driving shaft d, the shafts 
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ec and d will be driven, and so through the usual gearing will drive 
the spindles in the ordinary direction, say, for spinning right 
hand twist. The second train of gears consists of the spur 
wheels j and &, the latter meshing with the spur wheel A, conse- 
Popes A when it is veqsland to reverse the direction of rotation of 
the spindles, all that is necessary is to release the pi ng screw 
which fixes the spur wheel e on the shaft 6, and move the wheel ¢ 
along the driving shaft b out of gear with the r wheel g and 
into with spur wheel j, when the 5 will at once 
be ed in the reverse direction, to spin the other hand without 
any other m or motion ng effected. (Accepted 


























June 12, 1918.) 








